REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of International Application 
PCT/GB02/04686 filed October 17, 2002 and published as WO 03/033518 on April 
5 24, 2003, which claims priority from Great Britain Patent Application 0209274.0 
filed April 23, 2002, which claims priority from Great Britain Patent Application 
0125073.7 and International Patent Application PCT/GB0 1/04645, both of which 
were filed on October 18, 2001. International Patent Application PCT/GB0 1/04645 
was published as WO 02/32409 on April 25, 2002. Each of the above applications, 

10 and each document cited in this text and in each of the above applications 

("application cited documents") and each document cited or referenced in each of 
the application cited documents, and any manufacturer's specifications or 
instructions for any products mentioned in this text and in any document 
incorporated into this text, are hereby incorporated herein by reference; and, 

15 technology in each of the documents incorporated herein by reference can be used in 
the practice of this invention. 

It is noted that in this disclosure, terms such as "comprises", "comprised", 
"comprising", "contains", "containing" and the like can have the meaning attributed 

20 to them in U.S. Patent law; e.g., they can mean "includes", "included", "including" 
and the like. Terms such as "consisting essentially of and "consists essentially of 
have the meaning attributed to them in U.S. Patent law, e.g., they allow for the 
inclusion of additional ingredients or steps that do not detract from the novel or 
basic characteristics of the invention, i.e., they exclude additional unrecited 

25 ingredients or steps that detract from novel or basic characteristics of the invention, 
and they exclude ingredients or steps of the prior art, such as documents in the art 
that are cited herein or are incorporated by reference herein, especially as it is a goal 
of this document to define embodiments that are patentable, e.g., novel, nonobvious, 
inventive, over the prior art, e.g., over documents cited herein or incorporated by 

30 reference herein. And, the terms "consists of and "consisting of have the meaning 
ascribed to them in U.S. Patent law; namely, that these terms are closed ended. 
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STEROIDAL COMPOUNDS FOR INHIBITING STEROID SULPHOTASE 

FIELD OF INVENTION \ 

The present invention relates to a compound: In particular the present invention 
provides compounds capable of inhibiting steroid sulphatase. 

BACKGROUND TO THE INVENTION 

Breast cancer is a devastating disease which remains to be a major cause of death for 
women in most Western countries. It is estimated to affect approximately 1 million 
women per year across the globe. 1 

Britain has one of the highest mortality rate for breast cancer in the; world with over 
35,000 women diagnosed each year accounting for nearly one in five of all cancer 
cases. It is estimated that 1 in 10 women living to the age of 85 in Britain will develop 
breast cancer during the course of her life. Although modern methods of treatment as 
well as an earlier detection of the disease have greatly improved survival rates, breast 
cancer remains the leading cause of death for women aged between 35-54. 2 

All women are at risk of breast cancer although a number of risk factors have been 
identified, most of them being related to women's hormonal and reproductive history.as 
well as their family background of the disease. Women at higher risk are generally 
those with a strong family history of the disease, early onset of menarche, late onset of 
menopause or a first full-term pregnancy after the age of 30. 2 

In the earliest stages of a breast cancer, surgery appears to be the treatment of choice. 
In most of the cases, breast conserving surgical techniques, such as local incision of 
lump(s) in the breast(s), are involved rather than mastectomy. To prevent any 
recurrence of the disease, radiotherapy is often prescribed, particularly if breast 
conserving techniques have been involved. 3 It is also used to reduce large tumours to an 
operable size so that conservational surgery can be carried out. 4 

For advanced breast cancers, when the tumour has spread . or recurred, the aim in the 
treatment is no longer to cure but to reach a palliative control. This is the case when 
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metastases of the tumour have reached locations such as bones, skin, lymph, node or 
brain. The treatment varies depending on the hormonal status of the patient (whether it 
is a pre- or postmenopausal woman to be treated), and depending on the type of 
tumour. Certain tumours have indeed been proven to rely on estrogens for their growth 
5 and development, leading to what is called a Hormone Dependent Breast Cancer 
(HDBC, see 1-1). While non HDBG are treated with chemotherapy, where the aim is to 
kill differentially tumour cells using a combination of cytotoxic agents, 5 HDBC are 
expected to respond to endocrine therapy. 

10 The concept of hormone dependent tumours appeared in the. early 1960s, when the 
model of estrogens action was first introduced. 6 : In order for estrogens to regulate cell 
growth and function in humans, a specific protein, called the human Oestrogen Receptor 
(hER), must be present. 7 This protein, localised in the nucleus, interacts with estrogens 
resulting in the formation of a binding complex. This acts as a transcription factor by 

15 activating production of m-RNA from specific genes, one or more of which are probably 
essential for efficient tumour cell growth* 

Patients with a measurable level of receptor protein are classified as oestrogen^receptor- 
positive (ER+) with opposition to oestrogen-receptor-negative (ER-). About 50% of. prer 

-20 menopausal women and 75% of post-menopausal women fall into the ER+ group 8 where 
the development of breast cancers can be directly linked to the presence of estrogens. 
Endocrine therapy, where the use of drugs results in a deprivation of estrogenic 
stimulation to cells- has proven to be an effective approach to the treatment of HDBC. 

> Originally* two classes of drugs, responding to different strategies, were developed: antk 

25 oestrogens and aromatase inhibitors; 

Anti-oestrogens, as antagonists of the oestrogen receptor, have been one of the first 
treatment considered for HDBC. Their action rely on their ability to bind competitively to 
the specific receptor protein hER, thus preventing access of endogenous estrogens to 
30 their specific binding site. Consequently, the natural hormone is unable to. maintain 
tumour growth. 

Of the anti-oestrogens commonly used in breast cancer therapy, tamoxifen (below) is 
the most widely used because of the very low toxicity profile of the molecule. Despite its 
35 non-steroidal skeleton, tamoxifen possesses a mixed agonist-antagonist activity that 
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limits its therapeutic potential. 9 In addition, some form of drug resistance has been 
reported in patients after long-term tamoxifen treatment. 10 

\ 

Novel pure anti-oestrogenic drugs, such as ICI 164384 (below),- have since been, 
discovered but the loss of potency compared with that of tamoxifen suggested the need 
to design more highly potent targets. 11 

OH 





ICI 164384 



For some years now, a new type of anti-oestrogeri has emerged, combining oestrogen 
agonism on target tissues such as bone or liver and antagonism and/or minimal agonism 
in reproductive tissues such as breasts or uterus. 12 These compounds, designed as 
Selective Oestrogen Receptor Modulators (SERMs), are not only potentially effective in 
reducing a patient's risk of breast carcinoma but they have also been shown to increase 
15 bone mineral density and prevent osteoporosis in postmenopausal women. Raloxifen is 
the first of this class of compounds to be used clinically. 13 More SERMs are currently in 
cJ!n)cal trials and these molecules might one day replace tamoxifen as the first line 
treatment for women with HDBC. 



The use of therapeutic agents that inhibit one or several enzyme of the steroid 
biosynthesis pathway represents another important strategy to control of the 
development of oestrogen-dependent tumours! 14 The enzyme aromatase, which 
converts androgenic C19 steroids to estrogenic C18 steroids, has been the prime target 
for reducing oestrogen levels. This enzyme complex, which contains a cytochrome 
15 P450 haemoprotein, catalyses the aromatisation of the androgen A-ring with the 
subsequent loss of the C1 9 methyl group to yield estrogens. 

Aminoglutethimide (below) was the first aromatasf inhibitor used for the treatment of 
breast cancer. It however showed a number of undesirable side effects given its wide 
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spectrum of inhibitory effects on other P450-dependant enzymes, and attempts to 
improve on the original structure have led to a number of non-steroidal compounds 
entering clinical trials. 15 The last generation developed compounds such as letrozole, 
which combine high potency and high selectivity for the enzyme, and are also better 
5 tolerated. 




AG Letrozole 



Structure of different types of aromatase inhibitors. Generation I : aminbglutethimide, 
10 AG; generation III, letrozole. 

Traditionally, aromatase inhibitors are reserved as second line treatment for advanced 
HDBC patients whose diseases are no longer controlled by tamoxifen: However, 
because of the extreme good toxicity profile of some of the latest aromatase inhibitors, 
15 recent clinical trials have been conducted to assess their suitability as first line treatment 
for HDBC. 

Strong evidence has emerged over the past decade; both bibdhemiciliy and clinically, 
that the sole inhibition of the enzyme aromatase banhbt afford an effective reduction of 
20 estrogenic stimulation to HDBC, the reason being that other pathways are involved in 
oestrogen biosynthesis. Thte sulphatase pathway is how considered to be the major 
route for breast tumour oestrogen synthesis since sulphatase activity was found to 
provide 1 0 fold more oestrone than the aromatase activity. 16 

25 In the sulphatase pathway, estrogens are synthesised from the highly available 
precursor oestrone-sulphate, via two enzymes (scheme below): oestrone sulphatase 
(STS) which hydrolyses oestrone-sulphate into oestrone, and 17$-hydr6xysteroid 
dehydrogenase (17p-HSD) which reduces oestrone into oestradiol. These two enzymes 
represent the latest targets for destrbgen deprivation strategies. 
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Estradiol Adi 0 i 




Adione 



Origin of estrogens in normal and tumoral breast cells. AR, aromatase; ST: steroid 
sulfotransferase; STS, steroid sulphatase- 17|3-HSD, 17p^hydroxysteroid 
dehydrogenase; 3p~IS, 3p-hydroxysteroid dehydrogenase A 5 ,A 4 -isomerase; ER, 
oestrogen receptor. 

Several potent inhibitors have been identified for oestrone sulphatase. They all share' 
the common structural feature of an aromatic ring bearing a substituent that mimics the 
phenolic A-ring of the enzyme substrate, oestrone-sulphate. On the development of 
steroidal inhibitors, a wide variety of chemical groups have been introduced at C3, of 
- which the 3-O-sulfamate was found to be the most potent for the oestrone molecule. 
The resulting compound, estrone-3-O-sulfamate (below) led to the identification of the 
aryl-O-sulphamate structure as an active pharmacophore required for potent inhibition of 
STS. EMATE was shown to inhibit steroid sulphatase activity in a time- and 
concentration-dependent manner 17 and was active in vivo on oral administration. 18 It was 
however revealed to be highly estrogenic Which raised the need to design STS inhibitors 
devoid of agonist activity on hER. 

To avoid the problems linked to an active steroid nucleus* non steroid-based inhibitors 
have been synthesised. Coumarih sulphamate such as 4-memyIcoumarin-7-0- 
sulfamate (COUMATE, below), where the active pharmacophore is conserved, have 
been among the first inhibitors of that type to be identified. 19 Although COUMATE is less 
potent than EMATE; it has the advantage of being non estrogenic. 20 Some tricyclic 
coumarin-based sulphamates have also been developed and turned out to be much 
more potent than COUMATE, while retaining its non estrogenic characteristic. 21 
667COUMATE, which is some 3 times more potent than EMATE in wfro is now in pre- 
clinical development for clinical trials. 22 
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H2N0 2 SO' 



H 2 N0 2 SO 




■o 



\ 



H 2 N0 2 SO' 



EMATE 



COUMATE 



667COUMATE 



Structures of the steroid sulphatase inhibitors EMATE, COUMATE and 667COUMATE. 

5 

PCT/GB92/01587 teaches novel steroid sulphatase inhibitors and pharmaceutical 



10 (EMATE). It is known that EMATE is a potent E1-STS inhibitor as it displays more than 
99% inhibition of E1-STS activity in intact MCF-7 cells, at 0,1 mM. EMATE also inhibits 
the E1-STS enzyme in a time- and concentration-dependent manner, indicating that it 
acts as an active site-directed inactivator. Although EMATE was originally designed for 
the inhibition of E1-STS, it also inhibits dehydroepiandrosterone sulphatase (DHA-STS), 

15 which is an enzyme that is believed to have a pivotal role in regulating the biosynthesis 
of the oestrogenic steroid androstenediol. Also, there is now evidence to suggest that 
androstenediol may be of even greater importance as a promoter of breast tumour 
growth. EMATE is also active in vivo as almost complete inhibition of rat liver E1-STS 
(99%) and DHA-STS (99%) activities resulted when it is administered either orally or 

20 subcutaneously. In addition, EMATE has been shown to have a memory enhancing 
effect in rats. Studies in mice have suggested an association between DHA-STS activity 
and the regulation of part of the immune response. It is thought that this may also occur 
in humans. The bridging O-atom of the sulphamate moiety in EMATE is important for 
inhibitory activity. Thus, when the 3-Oatom is replaced by other heteroatoms as in 

25 oestrone-3-N-suIphamate and oestrone-3^S-sulphamate, these analogues are weaker 
non-time-dependent inactivators. 

Although optimal potency for inhibition of E1-STS may have been attained in EMATE, it 
is possible that oestrone may be released during sulphatase inhibition and that EMATE 
30 and its oestradiol congener may possess oestrogenic activity. 
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17P-HSD. which catalyses the fine, step in aspens and androgens biosynthesis a.so 
appeared as a target for oestrogen deprivation strategies. This enzyme i £££ 

oestrogendependent^rss^ri:^ 

^rL^T 6 convereion o,,he androsen D ^ *» 

"o^Z^^ «° ^-'--properties and tob aa bIs , 0 Ld: 
17P-HSD belongs to a family of isoenzymes 11 of«*j-i, u , 

cloned "Each i k , ^ TOeS ' 11ofv * ,chhave beensofaridentinedand 

M T, I I SUbara,S afflnBy and means 

that selectmty of dreg action has to be achieved 17B HSD •»» 1 • 2 

om^^Uk^^^^^^^ *" 1 ' S ^ ,ha ' 

Unlike ST% inhibitors, on.y few 173-HSD inhibitors have been reported Most of ,h 
steroidal inhibitore for 1 7B-HSD tvoe 1 h a „» in reported. Most of the 

o»^^. j . * P have cownon a D-ring modified structure 

Oes^o, denvawes which contain a a good taavlng group a. the^T 

posmon have been shown ,o be a poten, class of inhibitors. "p^T «T 

^ . . . K ■ v» uie series (3 and 4). They, however turn^H 

out to be pure agonists of the oestrogen receptor. owever, turned 




3R = (CH2)3Br 
4R = (CH2)4Br 




Apigenin 



170-HSDtype 1 inhibitors: 16a-(bromopro P yl)-oestradiol 3- 
16a-(bromopro P yl)-oestradiol, 4 and a flayone derivative, apigenin. 
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In an attempt to eliminate the intrinsic destrogenicity of potent inhibitors and possibly at 
the same time engineer anti-oestrogenic properties ^nto the molecule, several 16a- 
(broadly)-oestradiol derivatives bearing the C7a-alkylamide side chain of -the known anti- 
5 oestrogen ICI 164384 were synthesised. 29 However, rather poor inhibition of 17B-HSD 
type 1 was obtained, with estrogenic and anti-oestrogenic properties not completely 
abolished or introduced respectively. 

In parallel, non-steroidal inhibitors of 17B-HSD type 1 have been designed. Flavonoids, 
10 which are structurally similar to estrogens, are able to bind to the oestrogen receptor 
with estrogenic or anti-estrogenic activities.- 30 Their actiorv on aromatase activity is Well - 
documented and in-recent studies, they were found to reduce the conversion of oestrone 
into oestradiol catalysed by 170-HSD type 1. 31 Flavone derivatives, such as apigenin 
(Figure 6) emerged from a SAR study as a promising compounds with some inhibitory 
15 activity on 170-HSD type 1 without being estrogenic at the inhibitory concentration. 32 

Ahmed et at (Biochem Biophys Res Commun 1999 Jan 27;254(3):81 1-5) report on a 
structure-activity relationship study of steroidal and nonsteroidal inhibitors of STS. 

20 Steroid dehydrogenases (DH) such as oestradiol 17B-hydroxysteroid dehydrogenases 
(E2HSD) have pivotal roles in regulating the availability of Hgands to interact with the 
oestrogen receptor. E2HSD Type I reduces oestrohe (E1) to the biologically active 
oestrogen, oestradiol (E2), while E2HSD Type II inactivates E2 by catalysing its 
oxidation to E1. Thus the identification of compounds having DH inhibitory activity, in 

25 particular, inhibitors of E2HSD Type I. could be of therapeutic value in inhibiting the 
formation of E2. 

Sj jMMARY ASPFHTS OF THE PRFRFNT INVENTION 

30 The present invention provides novel compounds which are capable of acting as 
effective steroid sulphatase inhibitors. The present invention identifies that the 
compounds of the present application are effective steroid sulphatase inhibitors. 

Figures 1 shows some of the enzymes involved in the in situ synthesis of oestrohe from 
35 oestrone sulphate, and oestradiol. "STS" denotes Oestrone Sulphatase. "E2DH Type T 
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denotes Oestradiol irp-hydroxysteroid dehydrogenase Type I or Oestradioi 
ITp-hydroxysteroic, dehydrogenase Type 1, 3. 5 and/or 7 and »Lh Z ,^2 
C^dio, 17^*^ deMrogenase Type oes^dioMrpZl™ 
dehydrogenase Type 2 and/or 8. "yaroxysteroid 

5 

As cen be seen enzymes mat are invoked in the peripheral synthesis of oestrogens 
Z^^T ' ,7 ^*°~ ^ogenase and the enzyme oesle 

10 ,n sto synthesis of oesfrogen is .hough, to make an important contribution to the high 
.... -eve* of oeamgens ,n tumours and thereto* spec«c inhibKors of oestrogen J£l 

.5 r^T' rn *° UBh 0eS,TOflen f0m,a8 ° n h ^ endomeWa. issues 

-Zil^r" ^ mak6S 3 COnWb * n to •* h * -ncemra^ of 

Z£T ^ enzymaUC pa,hwaya «° * *» ~* * 



20 



Thus, there is an urgent need to deveiop newmerapies for the troattnen. of these cancero. 

The present invention therefore seeks to overoome one or mo™ of the problems 
assorted with the pnor art me^ods of^ng breast and endometna, cancer 

„ °" e ^ * er6f0re ' *• P'^«' ™«ntion provides a use of a compound for the 

^ o f " T"** inhibi '' 8,6,010 ***»■"»- ^way - which p*hway 
converts oestrone to and from oestradiol. 

30 This aspectof the prosent hvention is advantageous because by the admWsuaUon „ „ 
^peof compound i, > possibte to btock the synthesfc of oest.dk,, from eeshone or 
Hence the present invent provides compounds that have consider thercpjc 
ad^ntages.partJcuiartyfor^aSngb^andendomemalcancers. 

35 The compounds of the present invention may comprise other subsutuents. These other . 
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substituents may, for example, further increase the activity of the compounds of the 
present invention and/or increase stability (ex vivo and/or in vivo). 

\ 

DETAILED ASPECTS OF THE PRESENT INVENTION 

5 

According to one aspect of the present invention, there is provided a compound having 
Formula I. 

O Formula I . 




wherein G is H or a subst'rtuent. 



10 According to one aspect of the present invention, there is provided a pharmaceutical 
composition comprising a compound having Formula I 
O Formula I 




wherein G is H or a substituent, admixed with a pharmaceutically acceptable carrier, 
diluent, excipient or adjuvant. 

15 According to one aspect of the present invention, there is provided a compound having 
Formula I 

O Formula I 




wherein G is H or a substituent, for use in medicine. 

According to one aspect of the present invention, there is provided use of a compound a 



WO 03/033518 



PCT/GB02/04686 



compound having Formula J 




11 

Formula I 



wherein G is H or a substituent, in the manufacture of a medicament for use in the 
therapy of a condition or disease associated with steroid sulphatase! (STS): 

5 According to one aspect of the present invention, there is provided use of a compound 
having Formula I 

Formula I 




wherein G is H or a substituent, in the manufacture of a medicament for use in the 
therapy of a condition or disease associated with adverse STS levels. 

10 According to one aspect of the present invention, there is provided use of a compound 
having Formula I 

Formula I 




wherein 6 is H or a substituent, in the manufacture of a pharmaceutical for inhibiting 
steroid sulphatase (STS) activity. 



15 



According to one aspect of the present invention, there is provided a method of inhibiting 
steroid sulphatase (STS) activity in a subject in need of same, the method comprising 
administering a compound a compound having Formula I 
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wherein G is H or a substituent. 



According to one aspect of the present invention, there is provided use of a compound 
having Formula I 

O Formula I 




. 5 wherein G is H or a substituent, in the manufacture of a pharmaceutical for modulating 
and/or arresting and/or inhibiting cell cycling and/or for modulating and/or inducing 
apoptosis. 

For ease of reference, these and further aspects of the present invention are now 
10 discussed under appropriate section headings. However, the teachings under each 
section are not necessarily limited to each particular section. 

PREFERABLE ASPECTS 

15 RING SYSTEM 

In some aspects of the present invention, preferably the compound has Formula II 
O Formula II 




wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
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group. 



In some aspects of the present invention, preferably the compound has Formula III 

Formula III 




wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group a 
5 phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 

In some aspects of the present invention, preferably the compound has Formula IV 

Formula IV 




wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group a 
10 phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 

In some aspects of the present invention, preferably the compound has Formula V 

9 Formula V 




wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group a 
15 phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 



In some aspects of the present invention, preferably the compound has Formula VI 
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Formula VI 

\ 



wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 



5 In some aspects 




of the present invention, preferably the compound has Formula VII 
O Formula VII - - 



wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 



10 In some aspects 




of the present invention, preferably the compound has Formula VIII 
O Formula VIII 



wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 



15 In some aspects of the present invention, preferably the compound has Formula IX 



WO 03/033518 



PCT/GB02/04686 



15 




Formula IX 



wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a suiphonate group or a sulphonamide 
group. 

5 In some aspects of the present invention, preferably the compound has Formula X 

° Formula X 




wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a suiphonate group or a sulphonamide 
group. 

In some aspects of the present invention, preferably the compound has Formula XI 

Formula XI 




wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a suiphonate group or a sulphonamide 
group. 

In some aspects of the present invention, preferably the compound has Formula XII 
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wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 

5 As it is well known in the art, a classical steroidal ring structure has the generic formula of. 




In the above formula, the rings have been labelled in the conventional manner. 

10 An example of a bio-isostere is when any one or more of rings A, B, C and D is a 
heterocyclic ring and/or when any one or more of rings A, B, C and D has been 
substituted and/or when any one or more of rings A, B, C and D has been modified; but 
wherein the bio-isostere has steroidal properties. 

15 In this regard, the ring system of the present invention is analogous to a steroidal ring 
structure and may be a bio-isostere of a steroidal ring structure. 

The structure of a present polycyclic structure can be presented as: 




20 wherein each ring A', B\ and C independently represents a heterocyclic ring or a non- 
heterocyclic ring, and wherein each ring may be independently substituted or 
unsubstituted, saturated or unsaturated. 
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By way of example, any one or more of rings A\ B\ C and D' may be independently 
substituted with suitable groups - such as an alkyl groi^>, an aryl group, a hydroxy group, a 
halo group, a hydrocarbyl group, an oxyhydrocarbyl group etc. 

5 

At least one of A\ B\ and C may be a heterocyclic group (a heterocycle) or a non- 
heterocydic group. 

At least one of A', B\ C and D* may be a saturated ring structure or an unsaturated ring 
10 structure (such as an aryl group). 

Preferably, at least one of A\ B\ C and D' is an aryl ring. 

Preferably the compound will contain, inclusive of all substituents, no more than 50 about 
1 5 carbon atoms, more usually no more than about 30 to 40 carbon atoms. 

An example.of D' is a five or six membered ring.. 

Preferred steroidal nuclei rings A'-D' on which the compounds of the present invention may 
20 be based include rings A-D of: 



16p-pHroestrone 
1 7-deoxyoestrone 
2-OH-oestrone 
2-MeO-oestrone 
oestrone 



1 6P-OH-1 7p-oestradiol 

17a-oestradioI 

17p-oestradiol 

1 7a-ethinyH 7p-oestradiol 

1 7 (J-ethinyl-1 7a-oestradiol 



oestrones and substituted oestrones. vfe 

oestrpne 

4-OH-oestrone 

6a-OH-oestrone 

7a-OH-oestrone 

1 6a-OH-oestrone 

oestradiols and substituted oestradiols. viz : 

4-OH-17p-oestradiol 

6a-OH-l 70-oestradiol 

7a-OH-1 7p-oestradiol 

4-OH-1 7a-oestradiol 

6a-OH-1 7a-oestradiol 
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7a-OH-17a-oestradiol 17-deoxyoestradiol 
1 6a-OH-1 7a-oestradiol 2-OH-1 7a-oestradiol 

16cc-OH-17p-oestradiol 2-OH-17^oestradiol 
16p-OH-17a-oestradiol . 2-MeO-17a-oestradiol 

2-MeO-1 7|3-oestradiol 

oestriots and substituted oestriols. vhr. 

oestriol 1 7-deoxyoestriol 

4-OH-oestriol 2-OH-oestriol 
6ct-OH-oestriol 2-MeO-oestrioI 
7a-OH-oestriol 

dehvdroepiandrosterones and substituted dehvdroepiandrosterones. vfe 
dehydroepiandrosterones 1 6a-OH-dehydroepiandrosterone 

6a-OH-dehydroepiandrdsterone 1 6p-OH-dehydroepiandrosterone 

7<x-OH-dehydroepiandrosterone 5-androstenediol 

GROUP G 

In some aspects of the present invention, preferably G is selected from H, OH and a 
hydrocarbyl group. 

In some aspects of the preserit invention, preferably G or the hydrocarbyl group is an 
optionally substituted hydrocarbon group. In other words G is an optionally substituted 
hydrocarbon group or is selected from H, OH and an. optionally substituted hydrocarbon 
group. 

In some aspects of the present invention, preferably G or the hydrocarbyl group is 
selected from optionally substituted alkyl group, optionally substituted haloalkyl group, 
aryl group, alkylaryl group, alkylarylakyl group, and an alkene group. 

20 In some aspects of the present invention, preferably G or the hydrocarbyl group is an 
optionally substituted alkyl group. 
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In some aspects of the present Invention, preferably G or the hydrocarbyl group is 
selected from Cl -C 10 alkyl group, such as Cl -C 6 alkyl group, and C r C 3 alkyl group 
Typical alkyl groups include C, alkyl. C 2 alkyl, C 3 alky( t C 4 alkyl, C 5 alkyl. C 7 alkyl, and C e 
alkyl. 

In some aspects of the present invention, preferably G or the hydrocarbyl group is 
selected from C,-C 10 haloalkyl group, C,-C 6 haloalkyl group, C-C, haloalkyl group, C r 
C 10 bromoalkyl group, 0,-Ce bromoalkyl group, and d-C* bromoalkyl group. Typical 
haloalkyl groups include C, haloalkyl, C 2 haloalkyl. C, haloalkyl, C 4 haloalkyl, C 5 
haloalkyl, C 7 haloalkyl, C 8 haloalkyl. C, bromoalkyl, C 2 bromoalkyl. G 3 bromoalkyl. C 4 
bromoalkyl, C 5 bromoalkyl, Cr bromoalkyl, and C 8 bromoalkyl. 

In some aspects of the present invention, preferably G or the hydrocarbyl group ,'s 
selected from aryl groups, alkylaryl groups, alkylarylakyl groups, -(CHaWaryl, -(CHa) 
15 10-Ph, (CH.WPh-C^o alkyl, -(CH 2 )«-Ph, (CH^Ph-C^ alkyl, -(CH 2 ) 1l3 -Ph, (CH 2 ) 
Ph-C,^ alkyl, -CHz-Ph, and -CH2-Ph-C(CH 3 ) 3 . 



10 



'1. 
1-3- 



25 



When G or the hydrocarbyl group is or contains an aryl group, the aryl group or one or 
more of the aryl groups may contain a hetero atom. Thus the aryl group or one or more 
20 of the aryl groups may be carbocyclic or more may heterocyclic. Typical hetero atoms 
include O, N and S, in particular N. 

. In some aspects of the present invention, preferably G or the hydrocarbyl group is 
selected from -(CH 2)l . 1(r cycloalkyl. -(CH^^ocycloalkyf, -(CH^^C^ycloalkyl, - 
(CH 2 ) 1 ^C«cycloalkyl, -(CH^^C^cycloalkyl. and -CH?- C 3 cycloalkyl. 

In some aspects of the present invention, preferably G or the hydrocarbyl group is an 
alkene group. Typical alkene groups include CrC" alkene group, C^Cs alkene group 
Ct-Ca alkene group, such as C r , G 2 , c* C 4 , C s , Ce, or C 7 alkene group. In a preferred 
aspect the alkene group contains 1, 2 or 3 C=C bonds. In a preferred aspect the alkene 
group contains 1 C=C bond. In some preferred aspect at least one C=C bond or the 
only C=C bond is to the terminal C of the alkene chain, that is the bond is at the distal 
end of the chain to the ring system. 

5 In some aspects of the present invention, preferably G is H, 
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R 1 GROUP 

\ 

Group R 1 of the compounds of the present invention is any one of a sulphamate group, a 
5 phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 

In one preferred aspect R 1 is preferably a sulphamate group. 
10 R 1 or the sulphamate group may be a sulphamate group of the formula 




wherein R 4 and R s are independently selected from H, alkyl, cycloalkyl, alkenyl and aryl, 
or combinations thereof, or together represent alkylene, wherein the or each alkyl or 
cycloalkyl or alkenyl or optionally contain one or more hetero atoms or groups. 

15 

In some aspects of the present invention, preferably at least one of R 4 and R is H. 
In some aspects of the present invention, preferably R 4 and R 5 are H. 
20 SUBSTITUENTS 

The compound of the present invention may have substituents other than those of the 
ring systems show herein. Furthermore the ring systems herein are given as general 
formulae and should be interpreted as such. The absence of any specifically shown 

25 substituents on a given ring member indicates that the ring member may substituted with 
any moiety of which H is only one example. The ring system may contain one or more 
degrees of unsaturation, for example is some aspects one or more rings of the ring 
system is aromatic. The ring system may be carbocyclic or may contain one or more 
hetero atoms. 

30 - 

The compound of the invention, in particular the ring system compound of the invention 
of the present invention may contain substituents other than those show herein. By way 



WO 03/033518 



PCT/.GB02/04686 



21 

of example, these other substituents may be one or more of: one or more sulphamate 
group(s), one or more phosphonate group(s), one or more thiophosphonate group(s), 
one or more sulphonate group(s), one or more sulphohamide group(s), one or more halo 
groups, one or more O groups, one or more hydroxy groups, one. or more amino groups, 
5 one or more sulphur containing group(s), one or more hydrocarbyl group(s) r- such as an 
oxyhydrocarbyl group. 

In general terms the ring system A'B'C'D' of the present compounds may contain a variety 
of non-interfering substituents. In particular, the ring system A'B'C'D' may contain one or 
10 more hydroxy, alkyl especially lower (CrCe) alkyl, e.g. methyl, ethyl, n-propyl, isopropyl, n- 
butyl, sec-butyl, tert-butyl, n-pentyl and other pentyl isomers, and n-hexyl and other hexyl 
isomers, alkoxy especially lower (CrCe) alkoxy, e.g. methoxy, ethoxy, propoxy etc., 
alkinyl, e.g. ethinyl, or halogen, e.g. fluoro substituents. 

15 For borne compounds of the present invention, jt is preferred that the ring system is 
substituted with a hydrocarbylsulphanyl group. More preferably the A' ring of the ring 
system is substituted with a hydrocarbylsulphanyl group. The term 
"hydrocarbylsulphanyl 0 means a group that comprises at least hydrocarbyl group (as 
herein defined) and sulphur, preferably -S~hydrocarbyl, more preferably -S- 

20 hydrocarbon. That sulphur group may be optionally oxidised. 

For some compounds of the present invention, it is highly preferred that at least the 2 
position of the A' ring of the ring system is substituted with a hydrocarbylsulphanyl group. 

25 Preferably the hydrocarbylsulphanyl group is -S-C^o alkyl, more preferably -S-C^ 
alkyl, more preferably -S-C^ alkyl, more preferably -S-CH 2 eH 2 CH 3 , -S-CH 2 CH 3 or - 
SCH 3 

For some compounds of the present invention, it is highly preferred that the A* ring of the 
30 ring system is substituted with an alkoxy group. 

For some compounds of the present invention, it is highly preferred that at least the 2 
position of the A' ring of the ring system is substituted with an alkoxy group. 

35 Preferably the alkoxy group is methoxy. v 
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For some compounds of the present invention, it is highly preferred that at least the A' 
ring of the ring system is substituted with an hydrocarbyl group. 

5 For some compounds of the present invention, it is highly preferred that at least the 2 
position of the A' ring of the ring system is substituted with an alkyl group. 

Preferably the aikyl group is ethyl. 

10 For some compounds of the present invention, it is highly preferred that the compound 
comprises at least two or more of sulphamate group, a phosphonate group, a 
thiophosphonate group, a sulphonate group or a sulphonamide group. 

For some compounds of the present invention, it is highly preferred that the compound 
15 comprises at least two sulphamate groups. 

For some compounds of the present invention, it is highly , preferred that the compound 
comprises at least two sulphamate groups, wherein said sulphamate groups are not on 
the same ring. 

20 

For some compounds of the present invention, it is highly preferred that the A' ring of the 
ring system comprises at least one sulphamate group and wherein the D" ring of the ring 
system comprises at least one sulphamate group. 

25 In some aspects of the present invention, preferably the A' ring contain one or more of 
an alkoxy substituent and an alkyl subsfrtueht. Thus according to one aspect of the 
present invention, there is provided a compound having Formula XIII 

O Formula XIII 




R 

wherein R 2 and R 3 are independently selected from H and hydrocarbyl groups, wherein 
at least one of R 2 and R 3 is a hydrocarbyl group. 
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In preferred aspects of the present invention, there is provided a compound selected 
from compounds having Formula XIV to XIX 



\ 




FormulaXIV 



Formula XV 



Formula XVI 



Formula XVII 



Formula XVIII 
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Formula XIX 



wherein R 2 and R 3 are independently selected from H and hydrocarbyl groups, wherein 
at least One of R 2 and R 3 is a hydrocarbyl group. 

Preferably at least one of R 2 and R 3 is an alkyl group. Preferably at least one of R and 
5 R 3 is Ci-Cn alkyl group, preferably C r C 6 alkyl group, preferably d-C 3 alkyl group. 
Preferably at least one of R 2 and R 3 is -CH 3 or^CH 2 CH 3 . 

In one aspect preferably R 2 is a hydrocarbyl group and R 3 is H. 

10 In another preferred aspect, at least one of R 2 and R 3 is an alkoxy group. Preferably at 
least one of R 2 and R 3 is methoxy. 



Highly preferred compounds of the present invention may be selected from 

o o 

^hydrocarbyl ^^I^Sj'^^ 



H 2 N02SO 




MeO 



H 2 N02SO" 



HjNOjSO 




H 2 N02SO' 
wherein 
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R = (CH2)iCH3 R 2 = OMe 

R = CH 2 CHCH 2 

R = (CH2)3CH3 \ R 2~-S-Me 

R = (CH2) 4 CH 3 
R = (CH2)5CH 3 
R = (CH2>3Br 
R = CH 2 — <] 

R = CH 2 -^^-C(CH 3 )3 
R = CH 2 hQ 



FURTHER ASPECTS 

According to a further aspect of the present invention there is provided a method 
5 comprising (a) performing a steroid sulphatase assay with one or more candidate 
compounds having the formula as defined herein; (b) determining whether one or more 
of said candidate compounds is/are capable of modulating STS activity; and (c) selecting 
one or more of said candidate compounds that is/are capable of modulating STS activity. 



10 



15 



According to a further aspect of the present invention there is provided a method 
comprising (a) performing a steroid sulphatase assay with one or more candidate 
compounds having the formula as defined herein; (b) determining whether one or more 
of said candidate compounds is/are capable of inhibiting STS activity; and (c) selecting 
one or more of said candidate compounds that is/are capable of inhibiting STS activity 



In any one of the methods of the present invention, one or more additional steps may be 
present. For example, the method may also include the step of modifying the identified 
candidate compound (such as by chemical and/or enzymatic techniques) and the 
optional additional step of testing that modified compound for STS inhibition effects 
20 (which may be to see if the effect is greater or different). By way of further example, the 
method may also include the step of determining the structure (such as by use of 
crystallographic techniques) of the identified candidate compound and then performing 
computer modelling studies - such as to further increase its STS inhibitory action Thus, 
the present invention also encompasses a computer having a dataset (such as the 
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crystallographic co-ordinates) for said identified candidate compound. The present 
invention also encompasses that identified candidate compound when presented on a 
computer screen forjthe analysis thereof - such as protein binding studies. 

5 According to one aspect of the present invention, there is provided a compound 
identified by the method of the present invention. 

According to one aspect of the present invention, there is provided a compound 
according to the present invention for use in medicine. 

10 

According to one aspect of the present invention, there is provided a phairnaceutical 
composition comprising the compound according to the present invention optionally 
admixed with a pharmaceutical^ acceptable carrier, diluent, excTpfent or adji^ant. 

15 According to one aspect of the present invention, there is provided the use of a 
compound according to the present invention in the manufacture of a medicament for 
use in the therapy of a condition or disease associated with STS 

According to one aspect of the present invention, there is provided the use of a 
20 compound according to the present invention in the manufacture of a medicament for 
use in the therapy of a condition or disease associated with adverse STS levels. 

For some applications, preferably the compounds have no, of 3 Minimal, oestrogenic 
effect. 

25 • 

For some applications, preferably the compounds have an oestrogenic effect. 

For some applications, preferably the compounds have a reversible action. 

30 For some applications, preferably the compounds have an irreversible action. 

In one embodiment, the compounds of the present invention are useful for the treatment 
of breast cancer. 

35 The compounds of the present invention may be in the form of a salt 
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The present invention also covers novel intermediates that are useful to prepare the 
compounds of the present invention. For example, the present invention covers novel 
alcohol precursors for the compounds. By way of furthbr example, the present invention 
5 covers bis protected precursors for the compounds. Examples of each of these 
precursors are presented herein. The present invention also encompasses a process 
comprising each or both of those precursors for the synthesis of the compounds of the 
present invention. 

10 We have also identified that in some aspects of the present invention the present 
compounds may also inhibit the activity of steroid dehydrogenase (USD). 

By steroid dehydrogenase or HSD it is meant 1 7(3 hydroxy steroid dehydrogenase. In 
one aspect the 17p hydroxy steroid dehydrogenase is EC 1.1.1.62 

15 

Preferably the HSD is of Type 1, 3, 5 ahd/or 7. Preferably the HSD converts oestrone 
(ketone) to oestradiol (hydroxy). 

Preferably the HSD is of Type 2 and/or 8, Preferably the HSD converts oestradiol 
20 (hydroxy) to oestrone (ketone). 

Thus in further aspects the present invention provides 

• Use of a compound of the present invention in the manufacture of a medicament for 
25 use in the therapy of a condition or disease associated with steroid dehydrogenase. 

• Use of a compound of the present invention in the manufacture of a medicament for 
use in the therapy of a condition or disease associated with adverse steroid 
dehydrogenase levels. 

• Use of a compound of the present invention in the manufacture of a pharmaceutical 
30 for inhibiting steroid dehydrogenase activity. 

• Use of a compound of the present invention in the manufacture of a pharmaceutical 
for inhibiting steroid dehydrogenase activity. 

• A method comprising (a) performing a steroid dehydrogenase assay with one or more 
candidate compounds of the present invention; (b) determining whether one or more 

35 of said candidate compounds is/are capable of modulating steroid dehydrogenase 
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activity; and (c) selecting one or more of said candidate compounds that is/are 

capable of modulating steroid dehydrogenase activity. 
• A method comprising (a) performing a steroid dehyc(rdgenase assay with bne or more 

candidate compounds of the present invention; (b) determining whether one or more 
5 of said candidate compounds is/are capable of inhibiting steroid dehydrogenase 

activity; and (c) selecting one or more of said candidate compounds that is/are 

capable of inhibiting steroid dehydrogenase activity. 
© A compound identified by the above methods, their use in medicine and 

pharmaceutical composition comprising the compounds optionally admixed with a 
10 pharmaceutically acceptable carrier, diluent, excipient or adjuvant. 

In some aspects of the present invention, it is preferred that the steroid dehydrogenase 
is steroid dehydrogen 

15 In some aspects of the present invention, it is preferred that the steroid dehydrogenase 
is steroid dehydrogenase Type II 

Preferably the HSD is of Type 1, 3, 5 and/or 7. Preferably the HSD converts oestrone 
(ketone) to oestradiol (hydroxy). 

20 

Preferably the HSD is of Type 2 and/or 8. Preferably the HSD converts oestradiol 
(hydroxy) to oestrone (ketone). 

We have also identified that in some aspects it is hot necessary for the compounds of 
25 the present invention to be substituted with one of a sulphamate group, a phosphonate 
group; a thiophosphonate group, a sulphonate group or a sulphonamide group, to inhibit 
the activity of steroid dehydrogenase (HSD). Thus in some aspects the present invention 
provides a compound as defined herein wherein R1 is any substituent. In this aspect 
preferably R1 is H, OH or a hydrocarbyl group, more preferably OH. 

30 

Data confirming this finding are given in Table 2 below 



V 
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TABLE 2 


s rx 

No. 


Structure 


% Inhibition * 
En -»E 2 ±SD 
(HSD Type I) 


% Inhibition * 
Ei-^Ei ± SD 
"(HSD Type II) 


187 


o 

j l"^ NH 


25.27 ±2.20 


-15.40 ±0.41 

* 


188; 


O 


32.99 ±1.79 


-3.51 ± 2.44 


189 




16.96 ± 3.25 


5.05 ± 2.31 


190 




24.08 ±4.59 


0.48 ±4.76 
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TABLE 2 



STX 
No. 



Structure 



% Inhibition * 
-» E 2 ± SD 
(HSDType I) 



% Inhibition * 
E 2 -> Ei ± SD 
(HSDType II) 



213 




22.50 ±1.62 



14.30 ± 14.84 



233 




58.78 ±0.68 
57.43 ±1.89 



35.76 ±3,88 



234 




25.84 ±9.27 



-1.45 ±11.44 



235 




16.65 ±1.46 



10.68 ± 0.78 



236 



H 2 N 




O^ ,9 



20.39 ±6.25 



5.84 ±11.81 
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TABLE 2 


STX 


Structure 




% Inhibition * 


% Inhibition * 


No. 




"l. 


Ei-*-E 2 ±SD 
(HSD Type 1) 


E 2 Ei ± SD 
(HSD Type II) 


237" 


H 2 N ^ 


o 


-2 


255 


274 


O 

HO^ 




36.82 ± 0.36 


-4.04 ± 0.36 


275 


C 


> 


42.45 ± 3.02 


32.09 ± 1.06 


276 






22.74 ± 2.20 


8.32 ±7.50 


277 


o 




18.57 ± 0.89 


13;25±9,74 
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TABLE 2 


STX 


Structure 




% Inhibition * 


% Inhibition * 


No. 




E 1 -»E 2 ±SD 
(HSD Type I) 


E 2 -> E t ± SD 
(HSD Type II) 


278 


o 




24.17 ±1.71 


8.31 ±2.46 






V 








WOT 






279 




16.03 ± 0.88 


3.87 ±4.97 


281 


o 


o 


24.70 ± 2.39 


20.39 ± 3.14 


285 


o 




22.48 ±3.72 


3.56 ±4.89 


286 


c 


i 


25.99 ±3-23 


-2.98 ± 0.38 
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Structure 



HO' 



33 



TABLE 2 




% Inhibition * 
-> E 2 ±SD 
(HSD Type I) 



7.78 ±2.45 



% Inhibition * 
E 2 — >E t ±SD 
(HSD Type II) 



-20.19 ± 
14.80 



326 




7.50 ±12.44 



15.01 ±1.22 



* measured at 10pM 



Thus in further aspects the present invention provides 



a compound having the formula 



10 




wherein G is H or a substituent, 

• Use of the compound in the manufacture of a medicament for use in the therapy of a 
condition or disease associated with steroid dehydrogenase. 

• Use of the compound in the manufacture of a medicament for use in the therapy of a 
condition or disease associated with adverse steroid dehydrogenase levels. 
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• Use of the compound in the manufacture of a pharmaceutical for inhibiting steroid 
dehydrogenase activity. 

• Use of the compound in the manufacture of a pharmaceutical for inhibiting steroid 
dehydrogenase activity. 

5 • A method comprising (a) performing a steroid dehydrogenase assay with one or more 
candidate compounds having the above formula; (b) determining whether one or 
more of said candidate compounds is/are capable of modulating steroid 
dehydrogenase activity; and (c) selecting one or more of said candidate compounds 
that is/are capable of modulating steroid dehydrogenase activity. 

10 • A method comprising (a) performing a steroid dehydrogenase assay with one or more 
candidate compounds having the above formula; (b) determining^ whether one or 
more of said candidate compounds is/are capable of inhibiting steroid dehydrogenase 
activity; and (c) selecting one or more of said candidate compounds that is/are 
capable of inhibiting steroid dehydrogenase activity. 

15 • A compound identified by the above methods, their use in medicine and 
pharmaceutical composition comprising the. compounds optionally admixed with a 
pharmaceutical^ acceptable carrier, diluent, excipient or adjuvant. 

Further broad aspects of the invention are defined below: 
20 • a compound comprising a ring system of the formula 




wherein at least one G, H, I and J is a substituted nitrogen. By the term 
"substituted nitrogen" it is meant the nitrogen is attached to a group other than H. 
Preferably the N is attached to a hydrocarbyl group. 
25 preferably 

• wherein the other of G, H, I and J are carbon. 

• only one of G, H, I and J is a substituted nitrogen. 

• H is a substituted nitrogen. 

• at least one of G, H, I and J are C=0. 
30 • two of G f H, I and J are C=0. 

• two of G, and I are OO 
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• a ring system of the formula 




wherein W is -S-alkyl or -O-alkyl (alkoxy). 



• a ring system of the formula 




wherein W is -S~alkyl or -O-alkyl (alkoxy). 
• a ring system of the formula 




• a ring system of the formula 



alkoxy 




• a compound having the Formula 




wherein R 1 is any one of a sulphamate group, a phosphonate group, a 
thiophosphonate group, a sulphonate group or a sulphonamide group; and wherein 
G is H or a substituent 
preferably 

• a compound having the Formula 
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• a compound having the Formula 



5 




• a compound having the Formula 




SOME ADVANTAGES 

One key advantage of the present invention is that the compounds of the present 
invention can act as STS inhibitors. 

15 

Another advantage of the compounds of the present invention is that they may be potent 

in vivo. 
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Some of the compounds of the present invention may be non-oestrogenic compounds. 
Here, the term "non-oestrogenic" means exhibiting no or substantially no oestrogenic 
activity. , 

5 Another advantage is that some of the compounds may not be capable of being 
metabolised to compounds which display or induce hormonal activity. 

Some of the compounds of the present invention are also advantageous in that they may 
be orally active. 

Some of the compounds of the present invention may useful for the treatment Of cancer, 
such as breast cancer, as well as (or in the alternative) non-malignant conditions, such 
as the prevention of auto-immune diseases, particularly when pharmaceuticals may 
need to be administered from an early age. 

Thus, some of the compounds of the present invention are also believed to have 
therapeutic uses other than for the treatment of endocrine-dependent cancers, such as 
the treatment of autoimmune diseases. 

STEROID SULPHATASF 

Steroid sulphatase - which is sometimes referred to as steroid sulphatase or steryl 
sulphatase or "STS" for short - hydrolyses several sulphated steroids, such as oestrone 
sulphate, dehydroepiandrosterone sulphate and cholesterol sulphate. STS has been 
allocated the enzyme number EC 3.1.6.2. 

STS has been cloned and expressed. For example see Stein et al (j. Biol. Chem. 
264:13865-13872 (1989)) and Yen et al (Cell 49:443-454(1987)). 

STS is an enzyme that has been implicated in a number of disease conditions. 

By way of example, workers have found that a total deficiency in STS produces 
ichthyosis. According to some workers, STS deficiency is fairly prevalent in Japan. The 
same workers (Sakura et al, J Inherit Metab Dis 1997 Nov;20(6):807-10) have also 
reported that allergic diseases - such as bronchial asthma, allergic rhinitis, or atopic 
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dermatitis - may be associated with a steroid sulphatase deficiency. 

In addition to disease states being brought on through a total lack of STS activity, an 
increased level of STS activity may also bring about disease conditions. By way of 
5 example, and as indicated above, there is strong evidence to support a role of STS in 
breast cancer growth and metastasis. 

STS has also been implicated in other disease conditions. By way of example, Le Roy 
et at (Behav Genet 1999 Mar;29(2):131-6) have determined that there may be a genetic 
10 correlation between steroid sulphatase concentration and initiation of attack behaviour in 
mice. The authors conclude that sulphatation of steroids may be the prime mover of a 
complex network, including genes shown to be implicated in aggression by mutagenesis. 

STS INHIBITION 

15 

It is believed that some disease conditions associated with STS activity are due to 
conversion of a nonactive, sulphated oestrone to an active, nonsulphated ©estrone. In 
disease conditions associated with STS activity, it would be desirable to inhibit STS 
activity. 

20 

Here, the term "inhibit" includes reduce and/or eliminate and/or mask and/or prevent the 
detrimental action of STS. 

STS INHIBITOR 

25 

In accordance with the present invention, the compound of the present invention is 
capable of acting as an STS inhibitor. 

Here, the term "inhibitor" as used herein with respect to the compound of the present 
30 invention means a compound that can inhibit STS activity - such as reduce and/or 
eliminate and/or mask and/or prevent the detrimental action of STS. The STS inhibitor 
may act as an antagonist. 

The ability of compounds to inhibit oestrone sulphatase activity can be assessed using 
35 either intact MCF-7 breast cancer ceils or placental microsomes;. In addition, an animal 
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model may be used. Details on suitable Assay Protocols are presented in following 
sections. It is to be noted that other assays could be used to determine STS activity and 
thus STS inhibition. For example, reference may also N be made to the teachings of WO- 
A-99/50453. 

Preferably, for some applications, the compound is further characterised by the feature 
that if the sulphamate group were to be substituted by a sulphate group to form a 
sulphate derivative,* then the sulphate -derivative would be hydrolysable by an enzyme 
having steroid sulphatase (E.G. 3.1.6.2) activity - i.e. when incubated with steroid 
sulphatase EC 3.1 .6.2 at pH 7.4 and 37°C. 

In one: preferred embodiment, if the sulphamate group of the compound were to be 
replaced with a sulphate group to form a sulphate compound then that sulphate 
compound would be hydrolysable by an enzyme having steroid sulphatase (E.C. 
3.1.6.2) activity and would yield a Km value of less than 200 mmolar, preferably less 
than 150 mmolar, preferably less than 100 mmolar, preferably less than 75 mmolar, 
preferably less than 50 mmolar, when incubated with steroid sulphatase EC 3.1.6.2 at 
pH 7.4 and 37°C. 

In one preferred embodiment, if the sulphamate group of the compound were to be 
replaced with a sulphate group to form a sulphate compound then that sulphate 
compound would be hydrolysable by an enzyme having steroid sulphatase (E.C. 
3.1.6.2) activity and would yield a Km value of less than 200 ^molar, preferably less than 
150 nmolar; preferably less than 100 jimolar, preferably less than 75 jimolar, preferably 
less than 50 jimolar, when incubated with steroid sulphatase EC 3.1.6.2 at pH 7.4 and 
37°G. 

In a preferred embodiment, the compound of the present invention is not hydrolysable by 
an enzyme having steroid sulphatase (E.C. 3,1. 6.2) activity. 

For some applications, preferably the compound of the present invention has at least 
about a 100 fold selectivity to a desired target (e.g. STS), preferably at least about a 
150 fold selectivity to the desired target, preferably at least about a 200 fold selectivity to 
the desired target, preferably at least about a 250 fold selectivity to the desired target, 
preferably at least about a 300 fold selectivity to the desired target, preferably at least 
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about a 350 fold selectivity to the desired target. 

It is to be noted that the compound of the present invention may have other beneficial 
properties in addition to or in the alternative to its ability to inhibit STS activity. 

5 

STEROID DEHYDROGENASE 

Steroid dehydrogenase or "DH" for short may be classified as consisting of two types - 
Type I and Type II. The two types of enzyme, such as oestradiol 17p-hydroxysteroid 
10 dehydrogenases (E2HSD), have pivotal roles in regulating the availability of ligands to 
interact with the oestrogen receptor. Type I reduces oestrone (E1) to the biologically 
active oestrogen, oestradiol (E2) while E2HSD Type II inactivates E2 by catalysing its 
oxidation to E1. 

15 PH INHIBITION 

It Is believed that some disease conditions associated with DH activity are due to 
conversion of a nonactive, oestrone to an active, oestradiol. In disease conditions 
associated with DH activity, it would be desirable to inhibit DH activity. 

20 

Here, the term "inhibit" includes reduce and/or eliminate and/or mask and/Or prevent the 
detrimental action of DH. 

DH INHIBITOR 

25 / 

In accordance with the present invention, the compound of the present invention is 

capable of acting as an DH inhibitor. 

Here, the term "inhibitor" as. used herein with respect to the compound of the present 
30 invention means a compound that can inhibit DH activity - such as reduce and/or 
eliminate and/or mask and/or prevent the detrimental action of DH. The DH inhibitor 
may act as an antagonist 

The ability of compounds to inhibit steroid dehydrogenase activity can be assessed 
35 using either T47D breast cancer cells in which E2HSD Type I activity is abundant or 
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MDA-MB-231 cells for Type II inhibitor studies. In both cell lines formation of products is 
linear with respect to time and cell numbers. Details on a suitable Assay Protocol are 
.■• presented in the Examples section. \ 

5 It is to be noted that the compound of the present, invention may have other beneficial 
properties in addition to or in the alternative to its ability to inhibit DH activity. 

SULPHAMATE GROUP 

10 In one embodiment, the ring X has a sulphamate group as a substituent. The term 
"sulphamate" as used herein includes an ester of sulphamic acid, or an ester of an N- 
subsitituted derivative of sulphamic acid, or a salt thereof. 

If R 1 is a sulphamate group then the compound of the present invention is referred to as 
15 a sulphamate compound. 

Typically, the sulphamate group has the formula: 

(R 4 )( R^N-SCOXOHD- 



wherein preferably R 4 and R s are independently selected from H, alkyl, cycloalkyl, 
alkenyl and aryl, or combinations thereof, or together represent alkylene, wherein the or 
each alkyl or cycloalkyl or alkenyl or optionally contain one or more hetero atoms or 
groups. 



When substituted, the N-substituted compounds of this invention may contain one or two 
N-alkyl, N-alkenyl, N-cycloalkyl or N-aryl substituents. preferably containing or each 
containing a maximum of 10 carbon atoms. When R 4 and/or R 5 is alkyl, the preferred 
values are those where R 4 and R 5 are each independently selected from lower alkyl 
30 groups containing from 1 to 6 carbon atoms, that is to say methyl, ethyl, propyl etc. R 4 
and R 5 may both be methyl. When R 4 and/or R s is aryl, typical values are phenyl and 
tolyl (PhCH 3 ; o). Where R 4 and R 5 represent cycloalkyl, typical values are cyclopropyl, 
cyclopentyl, cyclohexyl etc. When joined together R 4 and R 5 typically represent an 
alkylene group providing a chain of 4 to 6 carbon atoms, optionally interrupted by one or 
more hetero atoms or groups, e.g. to provide a 5 membered heterocycle, e.g. 
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morpholino, pyrrolidino or piperidino. 

Within the values alkyl, cycloalkyl. alkenyl and aryl N substituted groups are included 
containing as subst'rtuents therein one or more groups which do not interfere with the 
5 sulphatase inhibitory activity of the compound in question. Exemplary non-interfering 
subst'rtuents include hydroxy, amino, halo, alkoxy, alkyl and aryl. 

In some embodiments, the sulphamate group may form a ring structure by being fused 
to (or associated with) one or more atoms in or on group X. 

10 

In some embodiments, there may be more than- one sulphamate group. By way of 
example, there may be two sulphamates (i.e; bis-sulphamate compounds). If these 
compounds are based on a steroidal nucleus, preferably the second (or at least one of 
the additional) sulphamate group is located at position 17 of the steroidal nucleus. 
15 These groups need not be the same. 

In some preferred embodiments, at least one of R 4 and R 5 is H. 

In some further preferred embodiments, each of R 4 and R 5 is H. 

20 

PHOSPHQNATE GROUP 

If R 1 is a phosphonate group then the compound of the present invention is referred to 
as a phosphonate compound. 

25 

Typically, the phosphonate group has the formula: 

(RVP(0)(0H)-<> 

30 wherein preferably R 6 is H, alkyl, cycloalkyl, alkenyl or aryl, or combinations thereof, 
wherein the or each alkyl or cycloalkyl or alkenyl or optionally contain one or more hetero 
atoms or groups. 

When substituted, the N-substituted compounds of this invention may contain one or two 
35 N T alkylj N-alkenyl, N-cycloalkyl or N-aryl substituents, preferably containing or each 
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containing a maximum of 10 carbon atoms. When R 6 is alkyl, R 6 may be a lower alky! 
groups containing from 1 to 6 carbon atoms, that is to say methyl, ethyl, propyl etc. By 
way of example, R G may be methyl. When R 6 is aryl^typical values are phenyl and tolyl 
(PhCH 3 ;o). Where R 6 represents cycloalkyl, typical values are cyclopropyl, cydopentyl, 
5 cycle>hexyl etc. R 6 may even comprise an alkylene group providing a chain of 4 to 6 
carbon atoms, optionally interrupted by one or more heterp atoms or groups, e.g. to 
provide a 5 membered heterocycle, e.g. morpholino, pyrrolidino or piperidjno. 

Within the values alkyl, cycloalkyl, alkenyl and- aryl substituted groups are included 
10 containing as substituents therein one or more groups which do not interfere with the 
sulphatase inhibitory activity of the compound in question - Exemplary nonHnterfering* 
substituents include hydroxy, amino, halo, alkoxy, alkyl and aryl. 

In some embodiments, the phosphonate group may form, a ring structure by. being fused 
15 to (or associated with) one or more atoms in or on group X. 

In some embodiments, there may be more than one, phosphonate group. By way. of 
example, there may be two phosphonates (i.e. bis-phosphonate compounds). If these 
compounds are based on a steroidal nucleus, preferably the second (or at least one of 
20 the additional) phosphonate group is located at position 17 of the steroidal nucleus. 
These groups need not be the same. 

THIOPHOSPHONATE GROUP 

25 If R 1 is a thiophosphonate group then the compound of the present Invention is referred 
to as a thiophosphonate compound. 

Typically, the thiophosphonate group has the formula: 

30 (R 7 )-P(S)(OH)-0- 

wherein preferably R 7 is H, alkyl, cycloalkyl, alkenyl or aryl, or combinations thereof, 
wherein the or each alkyl or cycloalkyl or alkenyl or optionally contain one or more hetero 
atoms or groups. 
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When substituted, the N-substituted compounds of this invention may contain one or two 
N-alkyl. N-alkenyl, N-cycloalkyl or N^aryl substituents, preferably containing or each 
containing a maximum of 10 carbon atoms. When R\is alkyl, R 7 may be a lower alkyl 
groups containing from 1 to 6 carbon atoms, that is to say methyl, ethyl, propyl etc. By 
5 way of example, R 7 may be methyl. When R 7 is aryl, typical values are phenyl and tolyl 
(PhCH 3 -o). Where R 7 represents cycloalkyl. typical values are cyclopropyl, cyclopentyl, 
cyclohexyl etc. R 7 may even comprise an alkylene group providing a chain of 4 to 6 
carbon atoms, optionally interrupted by one or more hetero atoms or groups, e.g. to 
provide a 5 membered heterocycle, e.g. morpholino, pyrrOlidino or piperidinO. 

10 

Within the values alkyl, cycloalkyl, alkenyl and aryl substituted groups are included 
containing as substituents therein one or more groups which do not interfere with the - 
sulphatase inhibitory activity of the compound in question. Exemplary non-ihtefferirig 
substituents include hydroxy, amino, halo, alkoxy, alkyl and aryk 

15 

In some embodiments, the thiophosphonate group may form a ring structure by being 
fused to (or associated with) one or more atoms in or on group X. - • 

In some embodiments, there may be more than one thiophosphonate group. By way of 
20 example, there may be two thiophosphonates (ire. bis-thiophosphonate Compounds). If 
these compounds are based on a steroidal nucleus, preferably the second (or at least 
one of the additional) thiophosphonate group is located at position 17 of the steroidal 
nucleus. These groups need not be the same. 

?S St It PHONATE GROUP 

If R 1 is a sulphonate group then the compound of ttie present invention Is referred to as 
a sulphonate compound. 

30 Typically, the sulphonate group has the formula: 

(R 8 )-S(0)(0)-0- 

wherein preferably R 8 is H, alkyl, cycloalkyli alkenyl or aryl, or combinations thereof, 
35 wherein the or each alkyl or cycloalkyl or alkenyl or optionally contain one or more hetero 
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atoms or groups. 

When substituted, the N-substituted compounds of thislnvention may contain one or two 
N-alkyl, N-alkenyl, N-cycloalkyl or N-aryl substituents, preferably containing or each 
containing a maximum of 10 carbon atoms. When R 8 is alkyl, R 8 may be a lower alkyl 
groups containing from 1 to 6 carbon atoms, that is to say methyl, ethyl, propyl etc. By 
way of example, R 8 may. be methyl. When R 8 is aryl, typical values are phenyl and tolyl 
(PhCH 3 ;o). Where R 8 represents cycloalkyli typical values are cyclopropyi, cyclopentyl, 
cyclohexyl etc. R 8 may even comprise an alkylene group providing a chain of 4 to 6 
carbon atoms, optionally interrupted by one or more hetero atoms or groups, e.g. to 
provide a 5 membered heterocycle, e.g. morpholino, pyrrolidino or piperidino,- 

Within the values alkyl, cycloalkyl, alkenyl and aryl substituted groups are included 
containing as substituents therein one or more groups which do not interfere with the 
sulphatase inhibitory activity of the compound in question. Exemplary non-interfering 
substituents include hydroxy, amino, halo, alkoxy, alkyl and aryl. 

In some embodiments, the sulphonate group may fornrr a ring structure by being fused to 
(or associated with) one or more atoms in or on group X. 

In some embodiments, there may be more than one sulphonate group. By way of 
example, there may be two sulphonates (I.e. bis- sulphonate compounds). If these 
compounds, are based on a steroidal nucleus, preferably the second (or at least one of 
the additional) sulphonate group is located at position 17 of the steroidal nucleus. These 
groups need not be the same. 

COMBINATION OF 

SULPHONATE/PHOSPHONATEm4»OPHOSPHONATE/SULPHAMATE 

30 For some compounds of the present invention there may be present one of a sulphonate 
as herein defined or a phosphonate as herein defined or a thiophpsphonate as herein 
defined or a sulphamate as herein defined; and another of a sulphonate as herein 
defined or a phosphonate as herein defined or a thiophosphonate as herein defined or a 
sulphamate as herein defined. By way of example, the compound, of the present 

35 invention may comprise one sulphamate group and one phosphonate group. 
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If these compounds of the present invention are based on a steroidal nucleus, preferably 
the other of said groups is located at position 17 of the steroidal nucleus. 

5 HYDROCARBYL 

The term "hydrocarbyl group" as used herein' means a group comprising at least C and 
H and may optionally comprise one or mbre other suitable substituents. Examples of 
such substituents may include halo, alkoxy, nitfo, an alkyl group, a cyclic group etc. In 

10 addition to the possibility of the substituents being a cyclic group, a combination of 
substituents may form a cyclic group: If the hydrocarbyl group comprises more than one 
C then those carbons need not necessarily be linked to each other. For example, at 
least two of the carbons may be linked via a suitable element or group, thus, the 
hydrocarbyl group may contain hetero atoriis. Suitable hetero atoms will be apparent to 

15 those skilled In the art and include, for instance, sulphur, nitrogen and oxygen. A non- 
limiting example of a hydrocarbyl group is an acyl group. 

A typical hydrocarbyl group is a hydrocarbon group. Here the term "hydrocarbon" 
means any one of an alkyl group, an alkenylgroup, an alkynyl group, which groups may 
20 be linear, branched or cyclic, or an aryl group. The term hydrocarbon also includes 
those groups but wherein they have been optionally substituted. If the hydrocarbon is a 
branched structure having substituent(s) thereon, then the substitution may be on either 
the hydrocarbon backbone or on the branch; alternatively the substitutions may be on 
the hydrocarbon backbone and on the branch. 

25 

OXYHYDROCARBYL 

The term "oxyhydrocarbyP group as used herein means a group comprising at least C, H 
and O and may optionally comprise one or more other suitable substituents. Examples 

30 of such substituents may include halo-, alkoxy-, nitro-, an alkyl group, a cyclic group eta 
In addition to the possibility of the substituents being a cyclic group, a combination of 
substituents may form a cyclic group. If the oxyhydrocairbyl group comprises more than 
one C then those carbons need riot necessarily be linked to each other. For example, at 
least two of the carbons may be linked via -a suitable element or group. Thus, the 

35 oxyhydrocarbyl group may contain hetero atoms. Suitable hetero atoms will be apparent 
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to those skilled in the art and include, for instance, sulphur and nitrogen. 

In one embodiment of the present invention, ,ttie oxyhydrocarbyl group is a 
oxyhydrocarbon group. 

Here the term "oxyhydrocarbon" means any one of an alkoxy group, an oxyalkenyl 
group, an oxyalkynyl group, which groups may be linear, branched or cyclic, or an 
oxyaryl group. The term oxyhydrocarbon also includes those groups but wherein they 
have been optionally substituted. If the oxyhydrocarbon is a branched structure having 
10 substituent(s) thereon, then the substitution may be on either the hydrocarbon backbone 
or on the branch; alternatively the substitutions may be on the hydrocarbon backbone 

and on the branch. 

■i * 

Typically, the oxyhydrocarbyl group is of the formula C^O (such as a C^O). 

is 

ASSAY FOR DETERMINING STS ACTIVITY USING GANGER CELLS 

(PROTOCOL 1) 

Inhibition of Steroid Sulphatase Activity in MCF-7 cells 

20 

Steroid sulphatase activity is measured in vitro using intact MCF-7 human breast cancer 
cells.. This hormone dependent cell line is widely used to study the control of human 
breast cancer cell growth. It possesses significant steroid sulphatase activity (Maclndoe 
et al. Endocrinology, 123, 1281-1287 (1988); Purohit & Reed, Int. J. Cancer, 50, 901- 
25 905 (1992)) and is available in the U.S.A. from the American Type Culture Collection 
(ATCC) and in the U.K. (e g. from The Imperial Cancer Research Fund). 

Cells are maintained in Minimal. Essential Medium (MEM) (Flow Laboratories, Irvine, 
Scotland) containing 20 mM HEPES, 5% foetal bovine serum, 2 mM glutamine, non- 
30 essential amino acids and 0.075% sodium bicarbonate. Up to 30 replicate 25 cm2 
tissue culture flasks are seeded with approximately 1 x 10 s cells/flask using the above 
medium. Celjs are grown to 80% confluency and the medium is changed every third 
day. 

35 Intact monolayers of MCF-7 cells in triplicate 25 cm* tissue culture flasks are washed . 
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with Earle's Balanced Salt Solution (EBSS from ICN Flow, High Wycombe, U.K.) and 
incubated for 3-4 hours at 37°C with 5 pmol (7 x 10 5 dpm) [6,7-3H]oestrone-3-suiphate 
(specific activity 60 Ci/mmol from New England Nuclear, Boston, Mass., U.SA) in 
serum-free MEM (2.5 ml) together with oestrone-3-sulphamate (11 concentrations: 0; 
5 1fM; 0.01pM; 0.1pM; 1pM; 0.01nM; 0.1nM; 1nM; 0.01mM; 0.1mM; 1mM). After 
incubation each flask is cooled and the medium (1 ml) is pipetted into separate tubes- 
containing [14C]oestrone (7 x 103 dpm) (specific activity 97 Ci/mmol from Amersham 
International Radiochemical Centre, Amersham, U.K.). The mixture is shaken, 
thoroughly for 30 seconds with toluene (5 ml). Experiments have shown that >90% 

10 [14C] oestrone and <Q.1% [3H]oestrone-3-sulphate is removed from the aqueous phase 

by this treatment. A portion (2 ml) of the organic phase is removed, evaporated and the • .) 
3H and 14C content of the residue determined by scintillation spectrometry. The mass 
of oestrone-3^sulphate hydrolysed was calculated from the 3H counts obtained 
(corrected for the volumes of the medium and organic phase used, and for recovery of 

15 [14C] oestrone added) and the specific activity of the substrate. Each batch of 
experiments includes incubations of microsomes prepared from a sulphatase-positive 
human placenta (positive control) and flasks without ceils (to assess apparent non- 
enzymatic hydrolysis of the substrate). The number of cell nuclei per flask is determined 
using a Coulter Counter after treating the cell monolayers with Zaponin. One flask in 

20 each batch is used to assess cell membrane status and viability using the Trypan Blue 
exclusion method (Phillips, H.J. (1973) In: Tissue culture and applications, [eds: Kruse, 
D.R & Patterson, M.K.]; pp. 406-408; Academic Press, New York). 

Results for steroid sulphatase activity are expressed as*the mean ± 1 S.D. of the total 
25 product (oestrone + ©estradiol) formed during the incubation period (20 hours) 
calculated for 106 cells and, for values showing statistical significance, as a percentage 
reduction (inhibition) over incubations containing no oestrone-3-sulphamate. Unpaired 
Student's t-test was used to test the statistical significance of results. 

30 ASSAY FOR DETERMINING STS ACTIVITY USING PLACENTAL MICROSOMES 

. (PROTOCOL 2> 

Inhibition of Steroid Sulphatase Activity in Placental Microsomes 

35 Sulphatase-positive human placenta from normal term pregnancies are thoroughly 
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minced with scissors and washed once with cold phosphate buffer (pH 7.4, 50 mM) then 
re-suspended in cold phosphate buffer (5 ml/g tissue). Homogenisation is accomplished 
with an Ultra-Turrax homogeniser, using three 10 secpnd bursts separated by 2 minute 
codling periods in ice. Nuclei and cell debris are removed by centrifuging (4°C) at 2000g 
5 for 30 minutes and portions (2 ml) of the supernatant are stored at 20 -G. The protein 
concentration of the supematants is determined by the method of Bradford (Anal. 
Biochem., 72, 248-254 (1976)). 

Incubations (1 ml) are carried out using a protein concentration of 100 mg/ml, substrate 
10 concentration of 20 mM [6,7-3H]oestrone-3-sulphate (specific activity 60 Ci/mmol from 
New England Nuclear, Boston, Mass., U SA.) and. an incubation time of 20 minutes at 
37°C. If necessary eight concentrations of compounds-are. employed: 0(i.e. control); 
. 0.05mM; d.irhM; 0.2mM; 0.4mM; 0.6mM; 0.8mM; T.OmM. After incubation each sample 
is cooled and the medium (1 ml) was pipetted into separate tubes containing 
15 [T4C]oestrone (7 x 103 dpm) (specific activity 97 Ci/mmol from Amersham International 
Radiochemical Centre, Amersham, U.K.). The mixture is shaken thoroughly for 30 
seconds with toluene (5 ml). Experiments have shown that >90% [14C]oestrone and 
<0.1% [3H]oestrone-3-sulphate is removed from the aqueous phase by this treatment. 
A portion (2 ml) of the organic phase was removed, evaporated gnd the 3H and 14C 
20 content of the residue determined by scintillation spectrometry. The mass of oestrone-3- 
sulphate hydrolysed is calculated from the 3H counts obtained (corrected for the 
volumes of the medium and organic phase used, and for recovery of [14C]oestrone 
added) and; the specific activity of the substrate. 

25 ANIMAL ASSAY MODEL FOR DETERMINING STS ACTIVITY 

(PROTOCOL 3V 

Inhibition of oestrone sulphatase activity in vivo 

30 The compounds of the present invention may be studied using an animal model, in 
particular in ovariectomised rats. In this model compounds which are oestrogenic 
stimulate uterine growth. 

The compound (10 mg/Kg/day for five days) was administered orally to rats with another 
35 group of animals receiving vehicle only (propylene glycol). A further group received the * 
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compound EMATE subcutaneously in an amount of 10ug/day for five days. At the end 
of the study samples of liver tissue were obtained and oestrone sulphatase activity 
assayed using 3H oestrorie sulphate as thesubstrate as previously described (see 
PCT/GB95/02638). 

•5 

ANIMAL ASSAY MODEL FOR DETERMINING OESTROGENIC ACTIVITY 

(PROTOCOLS 

Lack of in vivo oestrogenicity 

10 

The compounds of the present invention may be Studied using' an animal model, in 
particular in ovariectomised rats. In this model, compounds which are oestrogenic 
stimulate uterine growth. 

15 The compound (10 mg/Kg/day for five days) was administered orally to rats with another 
group of animals receiving vehicle only (propylene glycol). A further group received the 
estrogenic compound EMATE subcutaneously in an amount of 1 0ug/day for five days. 
At the end of the study uteri were obtained and weighed with the results being 
expressed as uterine weight/whole body weight x 100. 

20 

Compounds having no significant effect on uterine growth are not oestrogenic. 

BIOTECHNOLOGICAL ASSAYS FOR DETERMINING STS ACTIVITY 

(PROTOCOL 5) 
25 . • "■• 

The ability of compounds to inhibit oestrone sulphatase activity can also be assessed 
using amino acid sequences or nucleotide sequences encoding STS, or active 
fragments, derivatives, homologues or variants thereof in, for example, high-through put 
screens. 

30 

Any one or more of appropriate targets - such as an amino acid sequence and/or 
nucleotide sequence - may be used for identifying an agent capable of modulating STS 
in any of a variety of drug screening techniques. The target employed in such a test 
may be free in solution, affixed to a solid support, borne on a cell surface, or located 
35 intracellulariy, the abolition of target activity or the formation of binding complexes 
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between the target and the agent being tested may be measured. 

The assay of the present invention may be a screen, ^hereby a number of agents are 
tested. In one- aspect, the assay method of the present invention is a high through put 
5 screen. 

Techniques for drug screening may be based on the method described in Geysen, 
European Patent Application 84/03564, published on September 13, 1984 r In summary, 
large numbers of different small peptide test compounds are synthesized on a solid 

10 substrate,-.such as plastic pins or some other surface. The peptide test compounds are 
) reacted with a suitable target- or fragment thereof and washed. Bound entities are then 

detected - such as. by appropriately adapting methods well known in the art. A purified 
target can also be coated directly onto plates for use in a drug screening te^ 
Alternatively, norvneutralising antibodies can be used to capture the peptide and 

15 immobilise it on a solid support. 

This invention also contemplates the use of competitive drug screening assays in which 
neutralising antibodies capable of binding a target specifically compete with a test 
compound for binding to a target. 

20 

Another technique for screening provides for high throughput screening (HTS) of agents 
having suitable binding affinity to the substances and is based upon the method 
j described in detail in WO 84/03564. 

25 It is expected that the assay methods of the present invention will be suitable for both 
small and large-scale screening of test compounds as well as in quantitative assays. 

In one preferred aspect, the present invention relates to a method of identifying agents 
that selectively modulate STS, which compounds have the formula (la). 



30 



REPORTERS 



35 



A wide variety of reporters may be used in the assay methods (as well as screens) of the 
present invention with preferred reporters providing conveniently detectable signals (e,g. 
by spectroscopy). By way of example, a reporter gene may encode an enzyme which 
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catalyses a reaction which alters light absorption properties. 

Other protocols include enzyme-linked immunosorbent assay (ELISA), 
radioimmunoassay (Rl A) and fluorescent activated cell sorting (FACS). A two-site, 
5 monoclonal-based immunoassay utilising monoclonal antibodies reactive to two non- 
interfering epitopes may even be used. These and other assays are described, among 
other places, in .Hampton R et al (1990, Serological Methods, A Laboratory Manual, APS 
Press, St Paul MN) and Maddox DE et al (1983, J Exp Med 15 8:121 1). 

10 Examples of reporter molecules include but are not limited to (p-galactosidase, 
invertase, green fluorescent protein, luciferase, chloramphenicol/ acetyltransferase, (- 
glucuronidase, exo-glucanase and glucoamylase. Alternatively, radiolabelled or 
fluorescent tag-labelled nucleotides can be incorporated into nascent transcripts which 
are then identified when bound to oligonucleotide probes. 

15 

By way of further examples, a number of companies such as Pharmacia Biotech 
(Piscataway, NJ), Pronriega (Madison, Wl), and US Biochemical Corp (Cleveland, OH) 
supply commercial Wts and protocols for assay procedures. Suitable reporter molecules 
or labels include those radionuclides, enzymes, fluorescent, chemiluminescent, or 
20 chromogenic agents as well as substrates, cofactors, inhibitors, magnetic particles and 
the like. Patents teaching the use of such labels include US-A-381 7837; US-A-3850752; 
US-A-3939350; US-A-3996345; US-A-4277437; US-A-4275149 and US-A-4366241 . 

HOST CELLS 

25 • 

The term "host cell" - in relation to the present invention includes any cell that could 
comprise the target for the agent of the present invention. 

Thus, a further embodiment of the present invention provides host cells transformed or 
30 transfected with a polynucleotide that is or expresses the target of the present invention. 
Preferably said polynucleotide is carried in a vector for the replication and expression of 
polynucleotides that are to be the target or are to express the target The cells will be 
chosen to be compatible with the said vector and may for example be prokaryotic (for 
example bacterial), fungal,- yeast or plant cells. 
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The gram negative bacterium E. coli is widely used as a host for heterologous gene 
expression. However, large amounts of heterologous protein tend to accumulate inside 
the cell. Subsequent purification of the desired v protein from the bulk of E.coli 
intracellular proteins can sometimes be difficult. 

~5 

In contrast to E.coli, bacteria from the genus Bacillus are very suitable as heterologous 
hosts because of their capability to secrete proteins into the culture medium. Other 
bacteria suitable as hosts are those from the genera Streptomyces and Pseudombnas. 

10 Depending on the nature of the polynucleotide encoding the polypeptide of the present 
invention, and/or the desirability for further processing of the expressed protein, 
eukaryotic hosts such as yeasts or other fungi may be preferred. In general, yeast cells 
are preferred oyer fungal cells because they are easier, to manipulate: However, some 
proteins are either poorly secreted from the yeast cell, or in some cases are not 

15 processed properly (e.g. hyperglycosylation in yeast). In these instances, a different 
fungal host organism should be selected. 

Examples of suitable expression hosts within the scope of the present invention are 
fungi such as Aspergillus species (such as those described in EP-A-01 84438 and EP-A- 

20 0284603) and Trichoderma species; bacteria such as Bacillus species (such as those 
described in EP-A-0134048 and EP-A-0253455), Streptomyces species and 
Pseudomonas species; and yeasts such as Kluyveromyces species (such as those 
described in EP-A-0096430 and EP-A-0301670) and Saecharomyces species. By way 
of example, typical expression hosts may be selected from Aspergillus niger, Aspergillus 

25 niger van tubigenis, Aspergillus niger van awamori, Aspergillus aculeatis, Aspergillus 
nidulans, Aspergillus orvzae, Trichoderma reesei. Bacillus subtilis. Bacillus licheniformis. 
Bacillus amytoliquefadens, Kluyveromyces lactis and Saecharomyces cerevisiae. 

the use of suitable host cells - such as yeast, fungal and plant host cells - may provide 
30 for post-translational modifications (e.g. myristoylation, glycosylation, truncation, 
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to confer 
optimal biological activity on recombinant expression products of the present invention. 
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The term "organism" in relation to the present invention includes any organism that could 
comprise the target according to the present invention and/or products obtained 
therefrom. Examples of organisms may include a fungus, yeast or a plant. 

5 The term "transgenic organism" in relation to the present invention includes any 
organism that comprises the target according to the present invention and/or products 
obtained. 

TRANSFORMATION OF HOST CELLS/HOST ORGANISMS 

10 

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism. 
Examples of suitable prokaryotic hosts include E.. coti and Bacillus subtilis. Teachings 
on the transformation of prokaryotic hosts is well documented in the art, for example see 
Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd edition, 1989, Gold Spring 
15 Harbor Laboratory Press) and Ausubel et a/., Current Protocols in Molecular Biology 
(1995), John Wiley &,Sons, Inc. . 

If a prokaryotic host is used then the nucleotide sequence may need to be suitably 
modified before transformation - such as by removal of introns. 

20 ■ • 

In another embodiment the transgenic organism can be a yeast. In this regard, yeast 
have also been widely used as a vehicle for heterologous gene expression. The species 
Saccharomyces cerevisiae has a. long history, of industrial use, including its use for 
heterologous gene expression. Expression of heterologous genes in Saccharomyces 

25 cerevisiae has been reviewed by Goodey ef al (1987, Yeast Biotechnology, D R Berry et 
al, eds* pp 401-429, Allen and Unwin, London) and by. King ef al (1989, Molecular and 
Cell Biology of Yeasts, E F Walton and G T Yarronton, -eds, pp 107-133, Blackie, 
Glasgow). 

30 For several reasons Saccharomyces cerevisiae is well suited for heterologous gene 
.- expression. Rrst, it is non-pathogenic to humans and it is incapable of producing certain 
endotoxins. Second, it has a long history of safe use following centuries of commercial 
exploitation for various purposes. This has led to wide public acceptability. Third, the 
extensive commercial use and research devoted to the organism has resulted in a 

35 wealth of knowledge about the genetics and physiology as well as large-scale 
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fermentation characteristics of Saccharomyces cerevisiae. 

A review of the principles of heterologous gene expression in Saccharomyces cerevisiae 
and secretion of gene products is given by E Hinchcliffe E Kenny (1993, "Yeast as a 
5 vehicle for the expression of heterologous genes", Yeasts, Vol 5, Anthony H Rose and 
J Stuart Harrison, eds, 2nd edition, Academic Press Ltd.). 

Several types of yeast vectors are available, including integrative vectors, which require 
recombination with the host genome for their maintenance, and autonomously 
10 replicating plasmid vectors. 

In order to prepare the transgenic Saccharomyces, expression constructs are prepared 
by inserting the nucleotide sequence into a construct designed for expression in yeast 
Several types of constructs used for heterologous expression have been developed. 
15 iThe constructs contain a promoter active in yeast fused to the nucleotide sequence, 
usually a promoter of yeast origin, such as the GAL1 promoter, is used. Usually a signal 
sequence of yeast origin, such as the sequence encoding the SUC2 signal peptide, is 
used. A terminator active in yeast ends the expression system. ... 

20 For the transformation of yeast several transformation protocols have been developed. 
For example, a transgenic Saccharomyces according to the present invention can be 
prepared by following the teachings of Hinnen et al (1978, Proceedings of the National 
Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275, 

-v- 104); and Ito, H et al (1983, J Bacteriology 153, 163-168), 

25 ■ - 

The transformed yeast cells are selected using various selective markers. Among the 
markers used for transformation are a number of auxotrophic markers such as LEU2, 
HIS4 and TRP1, and dominant antibiotic resistance markers such as aminoglycoside 
antibiotic markers, e g. G418. 

30 

Another host organism is a plant. The basic principle in the construction of genetically 
modified plants is to insert genetic information in the plant genome so as to obtain a 
stable maintenance of the inserted genetic material. Several techniques exist for 
inserting the genetic information, the two main principles being direct introductipn of the 
35 genetic information and introduction of the ginetic information by use of a vector 
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system. A review of the general techniques may be found in articles by Potrykus (Annu 
Rev Plant Physiol Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry 
Hi-Tech March/April 1994 17-27). Further teachings -on plant transformation may be 
found in EP-A-0449375. 

5 • 

Thus, the present invention also provides a method of transforming a host cell with a 
nucleotide sequence that is to be the target or is to express the target. Host cells 
transformed with the nucleotide sequence may be cultured under conditions suitable for. 
the expression of the encoded protein. The protein produced by a recombinant cell may 
10 be displayed on the surface of the cell. If desired, and as will be understood by those of 
skill in the art, expression vectors containing coding sequences can be designed with 
signal sequences which direct secretion of the coding sequences through a particular 
prbkaryotic or eukdryotic cell rriem Other re^ 

coding sequence to nucleotide sequence encoding a polypeptide domain which will 
15 facilitate purification of soluble proteins (Kroll DJ et at (1993) DisiA Cell Biol 12:441-53). . 

. VARIANTS/HQMOLOGUES/DERIVATIVES 

In addition to the specific amino acid sequences and nucleotide sequences mentioned 
20 herein, the present invention also encompasses the use of variants, hornologue and 
derivatives thereof. Here, the term "homology* can be equated with "identity". 

In the present context, an homologous sequence is taken to include an amino acid 
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98% 
25 identical. Although homology can also be considered in terms of similarity (i.e. amino 
acid residues having similar chemical properties/functions), in the context of the present 
invention it is preferred to express homology in terms of sequence identity. 

Homology comparisons can be conducted by eye, or more usually, with the aid of readily 
30* available sequence comparison programs. These commercially available computer 
programs can calculate % homology between two or more sequences. 

% homology may be calculated over contiguous sequences, i.e. one sequence is 
aligned with the other sequence and each amino acid in one sequence is directly 
35 compared with the corresponding amino acid in the other sequence, one residue at a 
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time. This is called an "ungapped" alignment Typically, such ungapped alignments are 
performed only over a relatively short number of residues. 

Although this is a very simple and consistent method, it fails to take into consideration 
that, for example, in an otherwise identical pair of sequences, one insertion or deletion 
will cause the following amino acid residues to be put out of alignment, thus potentially 
resulting in a large reduction in % homology when a global alignment is performed. 
Consequently, most sequence comparison methods are designed to produce optimal 
alignments that take into consideration possible insertions and deletions without 
penalising unduly the overall homology score. This is achieved by inserting "gaps* in the 
sequence alignment to try to maximise local homology. 

However, these more complex methods assign "gap penalties" to each gap that occurs 
in the alignment so that, for the same, number of identical amino acids, a sequence 
alignment with as few gaps as possible - reflecting higher reiatedness between the two 
compared sequences - will achieve a higher score than one with many gaps. "Affine gap 
costs" are typically used that charge a relatively high cost for the existence of a gap and 
a smaller penalty for each subsequent residue in the gap. This is the most commonly 
used gap scoring system. High gap penalties will of course produce optimised 
alignments with fewer gaps. Most alignment programs allow the gap penalties to be 
modified. However, it is preferred to use the default values when using such software 
for sequence comparisons. For example when using the GCG Wisconsin Bestfit 
package (see below) the default gap penalty for amino acid sequences is -12 for a gap 
and -4 for each extension. 

Calculation of maximum % homology therefore firstly requires the production of an 
optimal alignment, taking into consideration gap penalties. A suitable computer program 
for carrying out such an alignment is the GCG Wisconsin Bestfit package (University of 
Wisconsin, U.S.A.; Devereux et a!., 1984, Nucleic Acids Research 12:387). Examples of 
other software than can perform sequence comparisons include, but are not limited to, 
the BLAST package (see Ausubel et al., .1959 ibid - Chapter 18), FASTA (Atschul et a!., 
1990, J. Mo!. Biol., 403-410) and the GENEWORKS suite of comparison tools. Both 
BLAST and FASTA are available for offline and online searching (see Ausubel et al., 
1999 ibid, pages 7-58 to 7-60). However it is preferred to use the GCG Bestfit program. 
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A further useful reference is that found in FEMS Microbiol Lett 1999 May 15;174(2):247- 
50 (and a published erratum appears in FEMS Microbiol Lett 1999 Aug 1;177(1): 187-8). 

Although the final % homology can be measured in terms of identity, the alignment 
5 process itself is typically not based on an all-or-nothing pair comparison. Instead, a 
scaled similarity score matrix is generally used that assigns scores to each pairwise 
comparison based on chemical similarity or evolutionary distance. An example of such a 
matrix commonly used is the BLOSUM62 matrix - the default matrix for the BLAST suite 
of programs. GCG Wisconsin programs generally use either the public default values or 
10 a custom symbol comparison table if supplied (see user manual for further details). It is 
preferred to use the public default values for the GCG- package, or in the case of other 
software, the default matrix, such as BLOSUM62. 

Once the software has produced an optimal alignment, it is possible to calculate % 
15 homology, preferably % sequence identity. The software typically does this as part of 
the sequence comparison and generates a numerical result 

The sequences may also have deletions, insertions or substitutions of amino acid 
residues which produce a silent change and result in a functionally equivalent substance. 

20 Deliberate amino acid substitutions may be made on the basis of similarity in polarity, 
charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic nature of the 
residues as long as the secondary binding activity of the substance is retained. For 
example, negatively charged amino acids include aspartrc acid and glutamic acid; 
positively charged amino acids include lysine and arginine; and amino acids with 

25 uncharged polar head groups having similar hydrophilicity values include leucine, 
isoleucine, valine, . glycine, alanine, asparagine, glutamine, serine, threonine, 
phenylalanine, and tyrosine. 

Conservative substitutions may be made, for example according to the Table below. 
30 Amino acids in the same block in the second column and preferably in the same line in 
the third column may be substituted for each other. 
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EXPRESSION VECTORS 



10 



The nucleotide sequence for use as the target or for expressing the target can be 
incorporated into a recombinant replicable vector. The vector may be used to replicate 
and express the nucleotide sequence in and/or from a compatible host cell Expression 
may be controlled using control sequences which include promoters/enhancers and 
other expression regulation signals. Prokaryotic promoters and promoters functional in 
eukaryotic ; cells may be used. Tissue specific or stimuli specific promoters may be used. 
Chimeric promoters may also be used comprising sequence elements from two or more 
different promoters described above. 



j 



The protein produced by a host recombinant cell by expression of the nucleotide 
sequence may be secreted or may be contained intracellular^ depending on the 
15 sequence and/or the vector used. The coding sequences can be designed with signal 
sequences which direct secretion of the substance coding sequences through a 
particular prokaryotic or eukaryotic cell membrane. 



20 



25 



FUSION PROTEINS 

The target amino acid sequence may be produced as a fusion protein, for example to 
aid in extraction and purification. Examples of fusion protein partners include 
glutathione-S-transferase (GST), 6xHis, GAL4 (DNA binding and/or transcriptional 
activation domains) and (-galactosidase. It may also be convenient to include a 
proteolytic cleavage site between the fusion protein partner and the protein sequence of 
interest to allow removal of fusion protein sequences. Preferably the fusion protein will 
not hinder the activity of the target. 



The fusion protein may comprise an antigen or an antigenic determinant fused to the 
30 substance of the present invention. In this embodiment, the fusion protein may be a 
nori-naturally occurring fusion protein comprising a substance which may act as an 
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adjuvant in the sense of providing a generalised stimulation of the immune system. The 
antigen or antigenic determinant may be attached to either the amino or carboxy 
terminus of the substance. 

■\ 

5 In another embodiment of the invention, the amino acid sequence may be ligated to a 
heterologous sequence to encode a fusion protein. For example, for screening of 
peptide libraries for agents capable of affecting the substance activity, it may be useful 
to encode a chimeric substance expressing a heterologous epitope that is recognised by 
a commercially available antibody. 

10 

THERAPY 

The compounds of the present invention may be used as therapeutic agents— - i.e. in 
therapy applications. 

15 

The term "therapy* includes curative effects, alleviation effects, and prophylactic effects. 

The therapy may be on humans or animals, preferably female animals. 

20 PHARMACEUTICAL COMPOSITIONS 

In one aspect, the present invention provides a pharmaceutical composition, which 
comprises a compound according to the present invention and optionally a 
pharmaceutical^ acceptable carrier, diluent or excipient (including combinations 
25 thereof). 

The pharmaceutical compositions may be for human or animal usage in human- and 
veterinary medicine and will typically comprise any one or more of a pharmaceutical^ 
acceptable diluent, carrier, or excipient. Acceptable carriers or diluents for therapeutic 

30 use are well known in the pharmaceutical art, and are described, for example, in 
Remington's Pharmaceutical Sciences,. Mack Publishing Co. (A. R. Gennaro edit. 
1985). The choice of pharmaceutical carrier, excipient or diluent can be selected with 
regard to the intended route of administration and standard pharmaceutical practice. 
The pharmaceutical compositions may comprise as - or in addition to - the carrier, 

35 excipient or diluent any suitable binders), lubricants), suspending agent(s); coating 
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agent(s), solubilising agent(s). 

Preservatives, stabilisers, dyes and even flavouririg N agents may be provided in the 
pharmaceutical composition. Examples of preservatives include sodium benzoate, 
5 sorbic acid and esters of p-hydroxybehzofc acid. Antioxidants and suspending agents 
may be also used. 

There may be different composition/formulation requirements dependent on the different 
delivery systems. By way of example, the pharmaceutical composition of the present 
10 invention may be formulated to be delivered using a mini-pump or by a mucosal route, 
for example, as a nasal spray or aerosol for inhalation or ingestable solution, or 
parenterally in which the composition is formulated by an injectable form, for delivery, by, 
' r for example, an intravenous, intramuscular or subdutanebus route. Alternatively; the 
formulation may be designed to be delivered by both routes; 

Where the agent is to be delivered mucosally through the gastrointestinal mucosa, it 
should be able to remain stable during transit though the gastrointestinal tract; for 
exiample, it should be resistant to proteolytic degradation, stable at acid pM and resistant 
to the detergent effects of bile. 

20 

Where appropriate, the pharmaceutical compositions can be administered by inhalation, 
in the form of a suppository or pessary, topically in the form of a lotion, solution, cream, 
ointment or dusting powder, by use of a skin patch, orally in the form of tablets 
containing excipients such as starch or lactose, or in capsules or ovules either alone or 
25 in admixture with excipients, or in the form of elixirs, solutions or suspensions containing 
flavouring or colouring agents, or they can be injected parenterally, for example 
intravenously, intramuscularly or subcutaneously. For parenteral administration, the 
compositions may be best used in the form of a sterile aqueous solution which may 
contain other substances, for example enough salts or monosaccharides to make the 
30 * solution isotonic with blood. For buccal 6r sublingual administration the compositions 
may be administered in the form of tablets or lozenges which can be formulated in a 
conventional manner. 



COMBINATION PHARMACEUTICAL 
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The compound of the present invention may be used in combination with one or more 
other active agents, such as one or more other pharmaceutical^ active agents. 

By way of example, the compounds of the present invention may be . used in combination 
5 with other STS inhibitors and/or other inhibitors such as an aromatase inhibitor (such as 
for example, 4hydroxyandrostenedione (4-OHA)) and/or steroids - such as the naturally 
occurring stemeurosteroids dehydroepiandrosterone sulfate (DHEAS) and pregnenolone 
sulfate (PS) and/or other structurally similar organic compounds. Exaples of other STS 
inhibitors may be found in the above references. By way of example, STS inhibitors for 
10 use in the present invention include EMATE, and either or both of the 2-ethyl and 2- 
methoxy 17-deoxy compounds that are analogous to compound 5 presented herein. * 

In addition, or in the alternative, the compound of the present invention may be used in 
combination with a biological response modifier. 

15 

The term biological response modifier ( M BRWT) includes cytokines, immune modulators, 
growth factors, haematopoiesis regulating factors* colony stimulating factors, 
chemotactic, haemolytic and thrombolytic factors, cell surface receptors, ligands, 
leukocyte adhesion molecules, monoclonal antibodies, preventative and therapeutic 

20 vaccines, hormones, extracellular matrix components, fibronectin, etc. For some 
applications, preferably, the biological response modifier is a cytokine. Examples of 
cytokines include: interleukins (IL) - such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7; IL-8, IL- 
9, IL-10, IH1, IL-1 2, IL-1 9; Tumour Necrosis Factor (TNF) - such as TNF-a; Interferon 
alpha, bSta and gamma; TGF-0. For some applications, preferably the cytokine is 

25 turtioUr necrosis factor (TNF). For some applications, the TNF may be any type of TNF - 
such as TNF-a, TNF-0, including derivatives or mixtures thereof. More preferably the 
cytokine is TNF-a. Teachings oh TNF may be found in the art - such as W<>A-98/08870 
andWO-A-98/13348. 

30 ADMINISTRATION 

Typically, a physician will determine the actual dosage which will be most suitable for an 
individual subject and it will vary with the age, weight and response of the particular 
patient The dosages below are exemplary of the average case. There can, of course, 
35 be individual instances where higher or lower dosage ranges are merited. 
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The compositions of the present invention may be administered by direct injection. The 
composition may be formulated for parenteral, muposal, intramuscular, intravenous, 
subcutaneous, intraocular or transdermal administration. Depending upon the need, the 
5 agent may be administered at a dose of from 0.01 to 30 mg/kg body weight, such as 
from 0.1 to 10 mg/kg, more preferably from 0.1 to 1 mg/kg body weight. - 

By way of further example, the. agents of the present invention may be. administered in 
accordance with a regimen of 1 to 4 times per day, preferably once or twice per day. 
10 The specific dose level and frequency of dosage for any particular patient may be varied 
and will depend upon a variety of factors including the activity of the specific compound 
employed, the metabolic stability and length of action of that compound, the age, body 
weight, general health, sex, diet, mode and time of administration, rate of excretion, drug 
combination, the severity of the particular condition, and the host undergoing therapy. 

15 

Aside from the typical, modes of delivery - indicated above - the term "administered" 
also includes delivery by techniques such as lipid mediated, transfection, liposomes, 
immunoliposomes, lipofectin, cationic facial amphiphiles (CFAs) and combinations 
thereof. The routes for such delivery mechanisms include but are not limited to 
20 mucosal, nasal, oral, parenteral, gastrointestinal, topical, or sublingual routes. 

The term "administered" includes but is not limited to delivery by a mucosal route, for 
. example, as a nasal spray or aerosol for inhalation or as an intestable solution; a 
parenteral route where delivery is by an injectable form, such as, for example, an 
25 intravenous, intramuscular or subcutaneous route. 

Thus, for pharmaceutical administration, the STS inhibitors of the present invention can 
be formulated in any suitable manner utilising conventional pharmaceutical formulating 
techniques and pharmaceutical carriers, adjuvants, excipients, diluents etc. and usually 
30 for parenteral administration. Approximate effective dose rates may be in the range 
from 1 to 1000 mg/day, such as from 10 to 900 mg/day or even from 100 to 800 mg/day 
depending on the individual activities of the compounds in question and for a patient of 
average (70Kg) bodyweight. More usual dosage rates for the preferred and more active 
compounds will be in the range 200 to 800 mg/day, more preferably, 200 to 500 mg/day, 
35 most preferably from 200 to 250 mg/day. They may be given in single dose regimes, 
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split dose regimes and/or in multiple dose regimes lasting over several days. For oral 
administration they may be formulated in tablets, capsules, solution or suspension 
containing from 100 to 500 mg of compound per unit dose. Alternatively and preferably 
the compounds will be formulated for parenteral administration in a suitable parenteral^ 
administrable carrier and providing single daily dosage rates in the range 200 to 800 mg, 
preferably 200 to 500, more preferably 200 to 250 mg. Such effective daily doses will, 
however, vary depending on inherent activity of the active ingredient and on the 
bodyweight of the patient, such variations being within the skill and judgement of the 
physician. 

CELL CYCLING 

The compounds of the present invention may be usefuT in the meftWof treatment off a 
cell cycling disorder, 

As discussed in "Molecular Cell Biology" 3rd Ed, Lodish et at pages 177-181 different 
eukaryotic cells can grow and divide at quite different rates. Yeast cells* for example, 
can divide every 120 min., and the first divisions of fertilised eggs in the embryonic cells 
of sea urchins and insects take only 1530 min. because one large pre-existing cell is 
subdivided. However, most growing plant and animal cells take 10-20 hours to double in 
number, and some duplicate at a much slower rate. Many cells in adults, such as nerve 
cells and striated muscle cells^ do not divide at all; others, like the fibroblasts that assist 
in healing wounds, grow on demand but are otherwise quiescent. 

Still, every eukaryotic cell that divides must be ready to donate equal genetic material to 
two daughter cells. DNA synthesis in eukaryotes does not occur throughout the cell 
division cycle but is restricted to a part of it before cell division. 

The relationship between eukaryotic DNA synthesis and cell division has been 
thoroughly analysed in cultures of mammalian cells that were all capable of growth and 
division. In contrast to bacteria, it was found, eukaryotic cells spend only a part of their 
time in DNA synthesis, and it is completed hours before cell division (mitosis). Thus a 
gap of time occurs after DNA synthesis and before cell division; another gap was found 
to occur after division and before the next round of DNA synthesis. This analysis led to 
the conclusion that the eukaryotic cell cycle consists of an M (mitotic) phase, a G, phase 
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(the first gap), the S (DNA synthesis) phase, a G 2 phase (the second gap), and back to 
M. The phases between mitoses (G 1f S, and G 2 ) are known collectively as the 
*■ interphase. . 

5 Many nondividing cells in tissues (for example, all quiescent fibroblasts) suspend the 
qycle after mitosis and just prior to DNA synthesis; such "resting" cells are said to have 
exited from the cell cycle and to be in the G 0 state. 

It is possible to identify cells when they are in one of the three interphase stages of the 
10 ceil cycle, by using a fluorescence-activated cell sorter (FACS) to measure their relative 
DNA content: a ceil that is in G t (before DNA synthesis) has a defined amount x of DNA; 
during S (DNA replication), it has between x and 2x; and when in G 2 (or M), it has 2x of 
; DNA. 

15 The stages of mitosis and cytokinesis in an animal cell are as follows 

(a) Interphase. The G 2 stage of interphase immediately precedes the beginning of 
mitosis. Chromosomal DNA has been replicated and bound to protein during the S 
phase, but chromosomes are not yet seen as distinct structures. The nucleolus is the 
20 only nuclear substructure that is visible under tight microscope. In a diploid cell before 
DNA replication there are two morphologic chromosomes of each type, and the cell is 
said to be 2n. In G 2 , after DNA replication, the cell is 4n. There are four copies of each 
chromosomal DNA. Since the sister chromosomes have not yet separated from each 
other, they are called sister chromatids. 

25 

b) Early prophase. Centrioles, each with a newly formed daughter, centriole, begin 
moving toward opposite poles of the cell; the chromosomes can be seen as long 
threads, The nuclear membrane begins to disaggregate into small vesicles. 

30 (c) Middle and late prophase. Chromosome condensation is completed; each visible 
chromosome structure is composed of two chromatids held together at their 
centromeres. Each chromatid contains one of the two newly replicated daughter DNA 
molecules. The microtubular spindle begins to radiate from the regions just adjacent to 
the centrioles, which are moving closer to their .poles. Some* spindle fibres reach from 

35 pole to pole; most go to chromatids- and attach afkinetochdres. 
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(d) Metaphase. The chromosomes move toward the equator of the cell, where they 
become aligned in the equatorial plane. The sister chromatids have not yet separated, 

5 (e) Anaphase. The two sister chromatids separate into independent chromosomes. 
Each contains a centromere that is linked by a spindle fibre to one pole, to which it 
moves. Thus one copy of each chromosome is donated to each daughter cell. 
Simultaneously, the cell elongates, as do the pole-to-pole spindles. Cytokinesis begins 
as the cleavage furrow starts to form. 

10 

(f) Telophase. New membranes form around the daughter nuclei; the 
chromosomes uncoil and become less distinct, the nucleolus becomes visible* again, and 
the nuclear membrane forms around each daughter nucleus. (Ookinesis is r nearly 
complete, and the spindle disappears as the microtubules and other fibres depolymerise. 

1 5 Throughout mitosis the "daughter* centriole at each pole grows until it is full-length. At 
telophase the duplication of each of the original centrioles is completed, and new 
daughter centrioles will be generated during the next interphase. 

(g) interphase. Upon the completion of cytokinesis, the cell enters the Gi phase of 
20 the cell cycle and proceeds again around the cycle. 

It will be appreciated that cell cycling is an extremely important cell process. Deviations 
from normal cell cycling can result in a number of medical disorders. Increased and/or 
unrestricted cell cycling may result in cancer. Reduced cell cycling may result in 
25 degenerative condition's. Use of the compound of the present invention may provide a 
means to treat such disorders and conditions. 

Thus, the compound of the present invention may be suitable for use in the treatment of 
cell cycling disorders such as cancers, including hormone dependent and hormone 
30 independent cancers. 

In addition, the compound of the present invention may be suitable for the treatment of 
cancers such as breast cancer, ovarian cancer, endometrial cancer, sarcomas, 
melanoffias, prostate cancer, pancreatic cancer etc. and other solid tumours. 
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For some applications, cell cycling is inhibited and/or prevented and/or arrested, 
preferably wherein cell cycling is prevented and/or arrested. In one aspect cell cycling 
may be inhibited and/or prevented and/or arrested in the G 2 /M phase. In one aspect cefll 
cycling may be irreversibly prevented and/or inhibited and/or arrested, preferably wherein 
5 cell cycling is irreversibly prevented and/or arrested. 

By the term "irreversibly prevented and/or inhibited and/or arrested* it is meant after 
. application of a compound of the present invention, on removal of the compound the 
effects of the compound, namely prevention and/or inhibition and/or arrest of cell cycling, 
10 are still observable. More particularly by the term "irreversibly prevented and/or inhibited 
arid/or arrested* it is meant that when assayed in accordance with the cell cycling assay 
protocol presented herein, cells treated with a compound of interest shdw less- growth after - 
Stage 2 of the protocol 1 than control cells. Details on this protocol are presented below. 

15 . Thus, the present invention provides compounds which: cause inhibition of growth of 
oestrogen receptor positive (ER+) and ER negative (ER-) breast cancer cells in vitro by 
. preventing and/or inhibiting and/or arresting cell cycling; and/or cause regression of 
nitroso-methyl urea (NMU)-induced mammary tumours in intact animals (i.e. not 
ovariectomrsed), and/or prevent and/or inhibit and/or arrest cell cycling in cancer cells; 

20 and/or act in vivo by preventing and/or inhibiting and/or arresting cell cycling and/or act as 
a cell cycling agonist 

CELL CYCLING ASSAY 
(PROTOCOL 6) 

25 Procedure 
Stage 1 

MCF-7 breast cancer cells are seeded into multi-well culture plates at a density of 105 
cells/well. Cells were allowed to attach and grown until about 30% confluent when they 
30 are treated as follows: 

Control - no treatment 
Compound of Interest (COI) 20jiM 

35 Cells are grown for 6 days in growth mediurii containing the COl with changes of 
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medium/COl every 3 days. At the end of this period cell numbers were counted using a 
Coulter cell counter. 

Stage 2 

5 

After treatment of cells for a 6-day period with the COI cells are re-seeded at a density of 
10 4 cells/well. No further treatments are added. Cells are allowed- to continue to grow 
for a further 6 days in the presence of growth medium. At the end of this period cell 
numbers are again counted. 

10 

ASSAY FOR DETERMINING DH ACTIVITY USING CANCER CELLS 

(PROTOCOL 7) 

Conversion of oestrone to oestradiol (E1 -> E2, E2DH Type I) and oestradiol to oestrone 
15 (E2 -> El, E2DH Type II) was measured in intact cejl monolayers of T47D and MDA- 
MB-231 breast cancer cells respectively. Cells were cultured in flasks; unfit they were 
$0-90% xjonfluent. 3 H-E1 x>r 3 H-E2 (6pmoI, ~90 Ci/mmol) wera.added to each flask in 
the absence (control) or presence of various test compounds (10jxM) in 2.5ml of 
medium. Substrate was also added to flasks without cells and incubated in parallel 
20 (blanks). 

After incubation with T47D cells for 30min or MDA cells for 3h at 37°C, 2ml of the 
medium was added to test tubes containing 14 C-E2 or 14 G-E1 (-5000 cpm) and 50pg E2 
or E1 respectively. Steroids were extracted from the aqueous medium with diethyl ether. 

25 (4ml). The ether phase was decanted into separate tubes after freezing the aqueous 
phase in solid carbon dioxide-methanol mixture. The ether was evaporated to dryness 
under a stream of air at 40°C. The residue was dissolved in a small volume of diethyl 
ether and applied to TLC plates containing a fluorescent indicator. E1 and E2 were 
separated by TLC using DCM-Ethyl acetate (4:1 v/v). The position of the product from 

30 each incubation flask was marked on the TLC plate after visualisation under UV light 
The marked regions were cut out and placed in scintillation vials containing methanol 
(0.5ml) to elute the product. The amount of 3 H-product formed and 14 C~E1 or 14 C-E2 
recovered were calculated after scintillation spectrometry. The amount of product 
formed was corrected for procedural losses and for the number of cells in each flask. 

35 



WO 03/033518 PCT/GB02/04686 

69 

CANCER 

As indicated, the compounds of the present invention^riay be useful in the treatment of a 
cell cycling disorder. A particular cell cycling disorder is cancer. 

5 

Cancer remains a major cause of mortality in most Western countries. Cancer therapies 
developed so far have included blocking the action or synthesis of hormones to inhibit 
the growth of hormone-dependent tumours. However, more aggressive chemotherapy 
is currently employed for the treatment of hormone-independent tumours, 

10 

Hence, the development of a pharmaceutical for anti-cancer treatment of hormone 
dependent and/or hormone independent tumours, yet lacking some or all of the side- 
effects associated with chemotherapy, would represent ^ major thWapeutic 

15 Uris known that oestrogens undergo a number of hydroxy lation and conjugation 
reactions after their synthesis. Until recently it was thought that such reactions were part 
of a metabolic process that ultimately rendered oestrogens water soluble and enhanced 
their elimination from the body. It is now evident that some hydroxy metabolites (e.g. 2- 
hydroxy and 1 6alpha-hydroxy) and conjugates (e.g. oestrone sulphate, E1S) are 

20 important in determining some of the complex actions that oestrogens have in the body. 

Workers have investigated the formation of 2- and 16-hydroxylated oestrogens in 
relation to conditions that alter the risk of breast cancer. There is now evidence that 
factors which ihcfease 2-hydroxylase activity are associated with a reduced cancer risk, 

25 while those increasing 16alpha-hydroxylation may enhance the risk of breast cancer. 
Further interest in the biological role of oestrogen metabolites has been stimulated by 
the growing body of evidence that 2-methoxyoestradiol is an endogenous metabolite 
with anti-mitotic properties. 2-MeOE2 is formed from 2-hydroxy oestradibl (2-OHE2) by 
catechol oestrogen methyl transferase, an enzyme that is widely distributed throughout 

30 the body. 

Workers have shown that in vivo 2-MeOE2 inhibits the growth of tumours arising from 
the subcutaneous injection of Meth A sarcoma, B16 melanoma or MDA-MB-435 
oestrogen receptor negative (ER-) breast cancer cells. It also inhibits endothelial cell 
35 proliferation and migration, and in vitro angiogenesis. It was suggested that the ability of 
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2-MeOE2 to inhibit tumour growth in vivo may be due to its ability to inhibit tumour- 
induced angiogenesis rather than direct inhibition of the proliferation of tumour cells. 

\ ■ 
The mechanism by which 2-MeOE2 exerts its potent anti-mitogenic and anti-angiogenic 

5 effects is still being elucidated. There is evidence that at high concentrations it can 

inhibit microtubule polymerisation and act as a weak inhibitor of colchicine binding to 

tubulin. Recently, however, at concentrations that block mitosis, tubulin filaments in cells 

were not found to be depolymerised but to have an identical morphology to that seen 

after taxol treatment. It is possible, therefore, that like taxol, a drug that is used for 

10 breast and ovarian breast cancer therapy, 2-MeOE2 acts by stabilising microtubule 

dynamics. 

While the identification of 2-MeOE2 as a new therapy for cancer represents an important 
advance, the bioavailability of orally administered oestrogens is poor. Furthermore, they 

15 can undergo extensive metabolism during their first pass through the liver. As part of a 
research programme to develop a steroid sulphatase inhibitor for breast cancer therapy, 
oestrone-3-O-sulphamate (EMATE) was identified as a potent active site-directed 
^inhibitor. Unexpectedly, EMATE proved to possess potent oestrogenic properties with 
its oral uterotropic activity* in rats being a 100-times higher than that of oestradiol. . Its 

20 enhanced oestrogenicity is thought to result from its absorption, by red blood cells (rbcs) 
which protects it from inactivation during its passage through the liver and which act as a 
reservoir for its slow release for a prolonged period of time. A number of A-ring modified 
analogues were synthesised and tested, including 2-methoxyoestrpne-3-0-sulphamate. 
While this compound was equipotent with EMATE as a steroid sulphatase inhibitor, it 

25 was devoid of oestrogenicity. 

We believe that the compound of the present invention provides a means for. the 
treatment of cancers and, especially, breast cancer. 

30 In addition or in the alternative the compound of the present invention may be useful in 
the blocking the growth of cancers including leukaemias and solid tumours such as 
breast, endometrium, prostate, ovary and pancreatic tumours. 



35 
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We believe that some of the compounds of the present invention may be useful in the 
control of oestrogen levels in the body — in particular in females. Thus, some of the 
compounds may be useful as providing a means of fertility control - such as an oral 
: contraceptive tablet, pill, solution or lozenge. Alternatively, the compound could be in 
5* the form of an implant or as a patch. 

Thus, the compounds of the present invention may be useful in treating hormonal^ 
conditions associated with oestrogen. 

10 In addition or in the alternative the compound of the present invention may be useful in 
treating hormonal conditions in addition to those associated with oestrogen. Hence, the 
compound of the present invention may also be capable of affecting hormonal activity 
and may also be capable of affecting an immune response. 

15 NEURODEGENERATIVE DISEASES 

We believe that some of the compounds of the present invention may be useful in the 
treatment of neurodenerative diseases, and similar conditions. 

20 By way of example, it is believed that STS inhibitors may be useful in the enhancing the 
memory function of patients suffering from illnesses such as amnesia, head injuries; 
Alzheimer's disease, epileptic dementia, presenile dementia, post traumatic dementia, 
; senile dementia, vascular dementia and post-stroke dementia or individuals otherwise * 
> v seeking memory enhancement 

25 

TH1 

We believe that some of the compounds of the present invention may be useful in TH1 
implications. 

30 

By way of example, it is believed that the presence of STS inhibitors within the 
macrophage or other antigen presenting cells may lead to a decreased ability of 
sensitised T cells to mount a TM1 <high IL-2, IFNy low IL-4) response. The normal 
regulatory influence of other steroids such as . glucocorticoids would therefore 
35 predominate. 
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INFLAMATORY CONDITIONS 

V 

We believe that some of the compounds of the present invention may be useful in 
5 treating inflammatory conditions - such as conditions associated with any one or more 
of: autoimmunity, including for example, rheumatoid arthritis, type I and II diabetes, 
systemic lupus erythematosus, multiple sclerosis, myasthenia gravis, thyroiditis, vasculitis, 
ulcerative colitis and Crohn's disease, skin disorders e.g. psoriasis and. contact dermatitis; 
graft versus host disease; eczema; asthma and organ rejection following transplantation. 

10 

By way of example, it is believed that -STS inhibitors may prevent the normal 
physiological effect of DHEA or related steroids oh immune and/or inflammatory 
responses. 

15 The compounds of the present invention may be useful in the manufacture of a 
medicament for revealing an endogenous glucocorticoid-like effect 

OTHER THERAPIES 

20 It is also to be understood that the compound/composition of the present invention may 
have other important medical implications. 

For example, the compound or composition of the present invention may be useful in. the 
treatment of the disorders listed in WO-A-99/52890 - viz: 

25 

In addition, or in the alternative, the compound or composition of the present invention 
may be useful in the treatment of the disorders listed in WO-A-98/05635. For ease of 
reference, part of that list is now provided: cancer, inflammation or inflammatory, 
disease, dermatological disorders, fever, cardiovascular effects, haemorrhage, 

30 coagulation and acute phase response, cachexia, anorexia, acute infection, HIV 
infection, shock states, graft-versus-host reactions, autoimmune disease, reperfusion 
injury, meningitis, migraine and aspirin-dependent anti-thrombosis; tumour growth, 
invasion and spread, angiogenesis, metastases^ malignant, ascites and malignant 
pleural effusion; cerebral ischaemia, ischaemic heart disease, osteoarthritis, rheumatoid 

35 arthritis, osteoporosis, asthma, multiple sclerosis, neurodegeneration, Alzheimer's 
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disease, atherosclerosis, stroke, vasculitis, Crohn's disease and ulcerative colitis; 
periodontitis, gingivitis; psoriasis, atopic dermatitis, chronic ulcers, epidermolysis bullosa; 
corneal ulceration, retinopathy and surgical wound heah'ng; rhinitis, allergic conjunctivitis, 
eczema, anaphylaxis; restenosis, congestive heart failure, . endometriosis, 
5 atherosclerosis or endosclerosis. 

In addition, or in the alternative, the compound or composition of the present invention 
may be useful in the treatment of disorders listed in WO-A-98/07859. For ease of 
reference, part of that list is now provided: cytokine and cell proliferation/differentiation 
10 activity; immunosuppressant or immunostimulant activity (e.g. for treating immune 
deficiency, including infection with human immune deficiency virus; regulation of 
lymphocyte growth; treating Cancer arid many autoimmune diseases, and to prevent 
transplant rejection or induce tumour immunity); regulation of haematopoiesis, e.g. 
treatment of myeloid or lymphoid diseases; promoting growth of bone, cartilage, tendon, 
15 ligament and nerve tissue, e.g. for healing wounds, treatment of burns, ulcers and 
periodontal disease and neurodegeneration; inhibition or activation of follicle-stimulating 
hormone (modulation of fertility); chemotactic/chemokinetic activity (e.g. for mobilising 
specific cell types to sites of injury or infection); haemostatic and thrombolytic activity 
(e.g. for treating haemophilia and stroke); antiinflammatory activity (for treating e.g; 
20 septic shock or Crohn's disease); as antimicrobials; modulators of e.g. metabolism or 
behaviour; as analgesics; treating specific deficiency disorders; in treatment of e.g. 
psoriasis, in human or veterinary medicine. 

In addition, or in ;tJie alternative, the composition of the present invention may be useful 
in the treatment of disorders listed in WOA-98/09985. For ease of reference, part of 
that list is now provided: macrophage inhibitory and/or T cell inhibitory activity and thus, 
anti-inflammatory activity; anti-immune activity, i.e. inhibitory effects against a cellular 
and/or humoral . immune response, including a response, not associated with 
inflammation; inhibit the ability of macrophages and T cells to adhere to extracellular 
matrix components and fibronectin, as well as up-regulated fas receptor expression in T 
cells; inhibit unwanted immune reaction and inflammation including arthritis, including 
rheumatoid arthritis, inflammation associated with hypersensitivity, allergic reactions, 
asthma, systemic lupus erythematosus, collagen diseases and. other autoimmune 
diseases, inflammation associated with atherosclerosis, arteriosclerosis, atherosclerotic 
heart disease, reperfusion injury, cardiac arrest, myocardial infarction, vascular 
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inflammatory disorders, respiratory distress syndrome or other cardiopulmonary 
diseases, inflammation associated with- peptic ulcer, ulcerative colitis and other diseases 
of the gastrointestinal tract, hepatic fibrosis, liver cirrhosis or other hepatic diseases, 
thyroiditis or other glandular diseases, glomerulonephritis or other renal and urologic 
5 diseases, otitis or other oto-rhino-laryngological diseases; dermatitis or other dermal 
diseases, periodontal diseases or other dental diseases, orchitis or epididimo-orchitis, 
infertility, orchidal trauma or other immune-related testicular diseases, placenta 
dysfunction, placental insufficiency, habitual abortion, eclampsia, preeclampsia and 
other immune and/or inflammatory-related gynaecological diseases, posterior uveitis, 

10 intermediate uveitis, anterior uveitis, conjunctivitis, chorioretinitis, uveoretinitis,. optic 
neuritis, intraocular, inflammation, e.g. retinitis or cystoid macular oedema, sympathetic 
ophthalmia, scleritis, retinitis pigmentosa, immune and inflammatory components of 
degenerative fohdus disease, inflammatory components of ocular trauma, ocular 
inflammation caused by infection, proliferative vitreo-retinopathies, acute ischaemic optic 

15 neuropathy, excessive scarring, e.g. following glaucoma filtration operation, immune 
and/or inflammation reaction against ocular implants and other immune and 
inflammatory-related ophthalmic diseases, inflammation associated with autoimmune 
diseases or conditions or disorders where, both in the central nervous system (CNS) or 
in any other organ, immune and/br inflammation suppression would be beneficial, 

20 Parkinson's disease, complication and/or side effects from treatment of Parkinson's 
disease, AIDS-related dementia complex HIV-related encephalopathy. Devic's disease, 
Sydenham chorea, Alzheimer's disease and other degenerative diseases, conditions or 
disorders of the CNS, inflammatory components of stokes, post-polio syndrome, 
immune and inflammatory components of psychiatric disorders, myelitis, encephalitis, 

25 subacute sclerosing pan-encephalitis, encephalomyelitis, acute neuropathy, subacute 
neuropathy, chronic neuropathy, Guillaim-Barre syndrome, Sydenham chora, 
myasthenia gravis, pseudo-tumour cerebri, Down's Syndrome, Huntington's disease, 
amyotrophic lateral sclerosis, inflammatory components of CNS compression or CNS 

. - trauma or infections of the CNS, inflammatory components of muscular atrophies and 

30 dystrophies, and immune and inflammatory related diseases, conditions or disorders of 
the central and peripheral nervous systems, post-traumatic inflammation, septic shock, 
infectious diseases, inflammatory complications 6r side effects of surgety, bone marrow 
transplantation or other transplantation complications and/or side effects,, inflammatory 
and/or immune complications and side effects of gene therapy, e.g. due to infection with 

35 a viral carrier, or inflammation associated with AIDS, to suppress or inhibit a humoral 
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and/or cellular immune response, to treat or ameliorate monocyte or . leukocyte . 
proliferative diseases, e.g. leukaemia, by reducing the amount of monocytes or 
lymphocytes, for the prevention and/or treatment ^of graft rejection in cases of 
transplantation of natural or artificial cells, tissue and organs such as cornea, bone 
5 marrow, organs, lenses, pacemakers, natural or artificial skin tissue. 

SULPHAMATE COMPOUND PREPARATION 

The sulphamate compounds of the present invention may be prepared by reacting an 
10 appropriate alcohol with a suitable chloride. By way of example, , the sulphamate 
compounds of the present invention may be prepared by reacting an appropriate alcohol 
with/a suitable sulfamoyl chloride, of the formula R 4 R 5 NS0 2 CI. 

Typical conditions for carrying out the reaction are as follows. 

15 

Sodium hydride and a sulfamoyl chloride are added to a stirred solution of the alcohol in 
anhydrous dimethyl formamide at 0°C. Subsequently, the reaction is allowed to warm to 
room temperature whereupon stirring is continued for a further 24 hours. The reaction 
mixture is poured onto a cold saturated solution of sodium bicarbonate and the resulting 
20 aqueous phase is extracted with dichloromethane. The combined organic extracts are 
dried over anhydrous MgS0 4 . Filtration followed by solvent evaporation in vacuo and 
co-evaporated with toluene affords a crude residue which is further purified by flash 
P chromatography. 

25 Preferably, the alcohol is derivatised, as appropriate, prior to reaction with the sulfamoyl 
chloride. Where necessary, functional groups in the alcohol may be protected in known 
manner and the protecting group or groups removed at the end of the reaction. . 

Preferably, the sulphamate compounds are prepared according to the teachings of Page 
30 et al (1 990 Tetrahedron 46; 2059-2068). 

The phosphonate compounds may be prepared by suitably combining the teachings of 
Page et al (1990 Tetrahedron 46; 2059-2068) and PCT/GB92/01586. 

35 The sulphonate compounds may be prepared byWitably adapting the teachings of Page 
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et at (1990 Tetrahedron 46; 2059-2068) and PCT/GB92/01586. 

The thiophosphonate compounds may be prepared by suitably adapting the teachings of 
Page et al (1990 Tetrahedron 46; 2059-2068) and PCT/GB9 1/00270. 

5 

Preferred preparations are also presented in the following text, 
SUMMARY 

10 In summation, the present invention provides compounds for use as steroid sulphatase 
inhibitors and/or steroid dehydrogenase inhibitors, and pharmaceutical compositions for 
the same. 

EXAMPLES 

15 

The present invention will now be described only by way of example. 
Example 

20 The inhibition of E1S E1 for a number of compounds were studied. The degrees of 
inhibition was determined in accordance with the Protocols defined herein. The data 
obtained are presented below in Table 1 form. In each assay Coumate 667 was also run 
as a control. The corresponding degrees of inhibition for this compound is also given. 
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Further compounds in accordance with the present invention Were synthesised and 
biblogical data obtained in the following studies. 

5 FURTHER STUDIES 



Molecules combining both features of STS inhibitors and HSD inhibitors (and in some 
aspects antiestrogens) have also been developed. Relying on the fact that an 
alkylamide side-chain can block the oestrogen receptor activation^ 3-O-sulfamates 
10 derivatives of oestradiol bearing 17p-(A^alkylcarbambyt) and 17p-<AJ-alkanoyl) side- 
chains have been synthesised. 24 The alkyl/alkanoyl group is designed as membrane 



WO 03/033518 



PCT/GB02/04686 



86 

insertion region that should increase the affinity for the enzyme and decrease the 
estrogenicity of the steroid. These novel molecules represent potential therapeutic 
agent for treatment of HDBC since the activity of the heptyl analogues 1 and 2 (below) 
was found to be similar to that of EMATE with respect to the inhibition of oestrone 
5 sulphatase, without being estrogenic. 



1R = NHCCKCH2) 6 CH 3 
2 R = CONH(CH2)6CH 3 

Structures of 3-0-sulfamates-C17-derivatives of oestrone bearing Af-alkylcarbamoyl 
side-chains. 

10 

While research in the area of STS has generated several highly potent.inhibitors, one of 
which is entering the clinique, 170-HSD inhibitor design remains a field still ripe for 
development. To the best of our knowledge, 16cc-(bromopropyl)-oestradiol is the most 
potent inhibitor of 17P-HSD type 1 which suggests that the D-ring of the steroidal 
15 skeleton may play a major role in recognition of the substrate by the enzyme. However, 
16a-(bromopropyI)-oestradiol is estrogenic and most of the attempts to reduce its 
estrogenicity have either failed or resulted in a decrease in its activity. 

A potent 17p-HSD type 1 inhibitor, free from agonist activity but possessing anti- 
20 estrogenic activity, would be a novel type, of agent for the treatment of HDBC since it 
would act as dual suppresser of oestrogen synthesis and action. It is therefore 
proposed that attempts to develop such an agent could be focused around the structural 
features of 3 (or 4) with the addition of some specific modifications aiming at inducing 
non or anti-oestrogenic properties. 

25 _ . .... . 

In order to decrease the affinity of the target molecule for the oestrogen receptor and 
minimizing the chances oestrogen-agonism induced by the drug, it was proposed to 
replace the 17p-hydroxyl function by a carbonyl group. Oestradiol has indeed a 10-fold 
greater proliferative effect on breast tumour cells than oestrone suggesting, the 

30 estrogenicity of 17f>hydroxylated compounds. 33 Optimisation of the non estrogenic 
properties of these compounds can also be performed by introducing of a methoxy 
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function at position 2 of the A-ring since 2-methoxyestrogens are known to be less 
estrogenic than their parent estrogens. They could also confer additional properties to 
the target compounds since they can inhibit tumour grQj^th and angiogenesis. 34 

While the side-chain on the D-ring had to be retained since it is responsible for the 
activity, the strategy to induce it had to allow more versatility suggesting the need to 
modify the D-ring itself. Side-chains to be introduced include short to long alkyl moieties 
or bulky hydrophobic substituents whose effect on the activity of the enzyme can be 
related to the presence/absence of a hydrophobic pocket Other types of side-chains" 
such as bromoalkyl or cyclppropyl moieties could potentially interact with a nucleophilic 
amino-acid residue of the active side and unsaturations could confer rigidity to the side- 
chains whose orientation in the active site might be a determining factor for inhibition of 
the enzyme. 

In order to achieve these requirements summarized above, compound 5 (below) was 
postulated as a good candidate. With a structurally modified D-ring, it affords a novel 
approach to 17p44SD type 1 inhibition having also the advantage over the above 
derivative of oestradiol to allow a very easy introduction of side-chains on the N-imido 
atom of the D-ring. It can also be accessed in one step from benzyl marrianolic acid 3 ^ 
which has been synthesized in our group from another project. 




5 



3+lydroxy-1 6,17-seco-estra-1 ,3,5(1 0)-triene-16, 17-imide, 5 (R = R' =H) 
and its parents (R = sidenshain and R- « H or SO2NH2) 

Synthetic strategies 

In order to establish a structure activity relationship for the family of molecules derived 
from 5, an efficient synthetic pathway had to be developed, enabling an easy and 
effective introduction of a wide variety of side-chains on the D-ring. 
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The most logical approach, allowing versatility during the synthesis of the targets, is to 
consider the introduction of the side^chains on the Earing after its conversion into a 
piperidine dione moiety. It was therefore proposed that once protected at its C3- 
5 position, compound 5 would be a key intermediate for the synthesis of the targets since 
introduction of the side-chains can easily be performed in one step via N-alkylation. 
Subsequent deprotection and sulfamoylation would thert yield the final phenolic 
compounds and sulfamates derivatives. Supposing that the key intermediate (framed) is 
accessible starting from oestrofie, a crude synthetic pathway is proposed in Scheme 1 . 
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Scheme 1. Proposed synthetic approach to access the target molecules 
from commercially available oestrone, 
15 P = protecting group, R = side-chain, R* = H or S0 2 NH 2 . 

(a) D-ring modification, protection; (b) alkylation; (c) deprotection, sulfamoylation. 



The use of rearrangements in order to modify the D-ring of steroids have oftei> been 
reported in the literature. Jindal et al. ■ have proposed the accessr to the acetylated 
20 derivative of 5 via a Beckmann rearrangement of 16-oximino-estrone 6 (Scheme 2f*, 
which we decided to investigate. 



WO 03/033518 



PCT/GB02/04686 



89 




El 6 7 



Scheme 2. Literature method for the synthesis of 7. 

Reagents: (a) KOC(CH 3 ) 3 , (CH 3 ) 2 CH(CH2)20NO; (b) AczO/ACOH, reflux. 

Deprotonation of oestrone was performed at room temperature under the action of 
potassium fe/f-butoxide, freshly prepared by dissolving potassium metal in anhydrous 2- 
methyl-propan-2-oL Addition of an excess of isoamyl nitrite gave the ketb oxime 6 with a 
yield of 63%. Beckmann rearrangement of the latter was carried out und^r refluxing 
10 condition of a mixture of acetic acid arid acetic anhydride to give 7 9 isolated with a yield 
of 57%. 

The D-ring modified structure of 7 was fully established and confimied using 
spectroscopic methods. Characteristic vibrational bands for the imide system were 
15 shown at 1725 and 1690 cm' 1 on the IR spectrum of the compound and the NH 
exchangeable proton appeared at 10.64 ppm as a singlet on the 1 H NMR spectrum. The 
quaternary carbons C17 and C18 had a characteristic downfield chemical shifts at 171.9 
and 178.7 ppm on the 13 C NMR spectrum. 

20 While the Beckmann rearrangement of 6 Has the advahfage of yielding the intermediate 
7 in two steps frohri oestrone, the overall yield (36%> is rather poor, although comparable 
with those reported in the literature. It was therefore decided to develop another 
strategy which would provide 7 jn much higher yields.. 

25 Modifications pf the D-ring through its subsequent cleavage aind closure was proposed 
as an alternative to access derivatives of 5. The D-ring of protected oestrone can 
indeed be opened via the haldform reaction 35 and closed by thermal condensation with 
an amine to yield piperidine dione D-ring derivatives of oestrone. Scheme 3 summarizes 
the pathway envisaged as well as the side-chains to be introduced by N-alkylation. 
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Scheme 3. Alternative method for the synthesis of 10-21 via benzyl marrianolic acid 9. 
Reagents: (a) NaH/DMF, BnBr, 80°C; (b) fe, KOH, MeOH then KOH reflux; (c) urea, 
5 180 P C; (d) NaH/DMF, RX; (e) RNH 2 , 180°C; (f) Pd/C, H 2 , MeOH/tHF; (g) 
CISO2NH2/DMA. 

By reacting benzyhpestrone 8, which was easily prepared by benzylation of bestrdne, 
v with an excess of base (potassium hydroxide) and iodine, the methylene ketone function 

10 was bis-halogenated then cleaved. Full conversion into the di-carboxylic acid was 
achieved by refluxing in a concentrated solution of KOH. Benzyl manianojic acid 9, 
which was isolated with an optimised yield of 75%, was then subjected to a thermal 
cycljsation in presence of urea. This condensation reaction, which leads to the formation 
of a favorized 6-membered ring, occurs when heating the reagents at 180°C for a short 

15 period of time. The resulting D-ring modified steroid 10 was obtained in high yield (80- 
89%) giving an overall yield for the synthesis the intermediate 10 of 55%. thus, despite 
the presence of an additional step, this alternative method represents a significant 
improvement over the literature method. 
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Since imides are too weak bases to attack alkyl halides, they must first be converted into 
their conjugate bases before undergoing N-alkylation. To this end, 10 was deprotonated 
using sodium hydride in DMF before reacting, via r^qst likely an S N 2 reaction, with 
various alkylating agents. Following this method, a large number of side-chains have 
5 been successfully introduced. Compounds 11-21 were obtained with yields ranging from 
75 to 97% and an average reaction time of 2 hours. 

^alkylated compounds can also be directly accessed from benzyl marrianolic acid when 
this latter is heated in the presence of an alkylamine. The derivative 21 (R = benzyl) wias 
10 synthesized this way, however, the yield of the reaction was moderate <65%). It was 
therefore proposed that the direct method from BMA would be employed when 
exceptionally the alkyl halides are commercially unavailable or deemed unreactive 
i towards the N-alkylation of 1 0. 

15 Benzyl ether of compounds 11-21 was then cleaved by catalytic hydrogenation using 
Fd/C to afford the series of hydroxylated targete 22-32 with high yields. 

For the introduction of unsaturated side chains, another strategy had to be developed 
since the last step of Scheme 3 involves a hydrogenolysis which is likely to debenzylate 
20 and hydrogenate the unsaturated group concurrently. Although some selective methods 
for the reduction of benzylrprotected hydroxy! function have been reported, 38 protection 
of 5 with a te/t-bqtyl-dimethylsilyl group before N-alkylation is r a simple effective 
alternative method 

y 

25 Protection of the phenol function of 5 was conducted in presence of iert-butyl- 
dimethylsilyl chloride and imidazole via the formation of an intermediate reactive, species^ 
• Alkylation of the resulting protected compound 33 with allyl bromide easily yielded 34,* 
which was deprotected with tetrabutylammonium fluoride. This particular approach 
(Scheme 4)., developed for the introduction of an allyl moiety, should also be applicable 

30 to induce other unsaturated groups on the N-atom. 
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Scheme 4. Synthesis of the N-allyl derivative of 5. 

Reagents: (a) TBDMSCWmidazole, DMF; (b) NaH/tfMF, CH^CHCHi^ (e)TBAF/THF. 

5 

Sulfamoylation of the hydroxyJated compounds was performed following a recent 
procedure described by Okada et at 89 in which sulfamoylation of phenolic compounds is 
conducted in the aprotic solvent dimethylacetamide in the absence of base. In general, 
this method, which requires only a slight excess of sulfamoyl chloride, gives a better 
10 yield of sutfamates than the ustial procedure where NaH/DMF are employed. It is 
prdposed that DMF could undergo a sideHeactidn with sulfamoyl chfofide; which cannot 
occur with DMA, because of the unavailability of a formyl proton. It was 3lso found that" 
elimination of a base in the reaction conditions led to the highest yields and that probably 
DMA worked as a moderate base. 

15 

Following a procedure developed in our group, hydfoxylafed derivatives 5, 22-32 and 35 
were StiHSft byl&ted in the presence of 2.2 equivalents of sulfamoyl chloride in DMA. 
Compounds 36-48 were mostly obtained in high yields after short reaction time. 
However, Sulfamoylation of 28 had to be performed according to the initial NaiH/DMF ' 

20 method since a side-reaction occurred between the bromobcrtyl side-chain and sulfamoyl 
chloride when DMA was the solvent. Unexpectedly, thfe side-product was found to be a 
suifamate of 5 bearing a chlorobutyl side-chain. HPLC analysis of the crude showed 
that the side-product formed in the same proportions as that of the expected product 43. 
Despite the presence of two well- separated peaks at 5.5 min and 6.50 min (elutioh 

25 MeOH/M 2 0 68:32) on the HPLC run, attempt to separate both products by flash 
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chromatography or recrystallization failed. They were therefore isolated using 
preparative HPLC and characterized by 1 H NMR and accurate mass spectroscopy. 

When the reaction was carried out using NaH/DMF and 6 equivalents of sulfamoyl 
chloride, 43 was isolated with a yield of 81% as the sole product of the reaction. In this 
reaction, chlorine resulting from the nucleophilic attack of the phenolate ion on sulfamoyl 
chfbride is trapped as HCI and is therefore unable to react with the bromobutyl side- 
chain. 

Finally, a 2-methoxy derivative of 5 and its; sulfamate were synthesized following the 
same sequence of reaction as that described in Scheme 3, starting from 2-methoxy- 
estrone. This latter was prepared according to an efficient two steps synthesis 
developed in our group, where introduction of a methoxy group on positron 2 relies on 
the nucleophilic displacement of an halogen atom by a methoxyde anfon. 

To this end, 2-iodo-estrone 49 was prepared by treating oestrorie with mercuric acetate 
and iodine in acetic acid. 40 The selective halpgenation at position 2 was complete within 
2 hours at room temperature with an overall yield of 56% after successive 
recrystallizatidhs. 2-iodo-estrone then reacted with a large excess of a' freshly prepared 
solution of sodium methoxyde, in presence of copper chloride in refluxirig pyridine 41 and 
gave 2-methoxy-estrone 50 with a yield of 75%. This method has the advantage of not 
involving any protecting group and gives good overall yield (42%) for the synthesis of 2- 
methoxy-estrohe in two steps from oestrdiie. 

After benzylation, the resulting compound 51 was subjected to the haloform reaction. A 
Hrtiitecl solubiiity of 51 in methanol led to a poor, non-optimised yield of 18% for the 
synthesis of 52. Ring closure in presence of urea gave 53 with a yield of 59% and 
subsequent deprotectidn gave the final products 54. Sulfamdylation of 54 had to be 
conducted using NaH/DMF with a large excess of sulfamoyl chloride since a the lack of 
reactivity was observed when the reaction was earned out in DMA This can be due to 
the steric hindrance of position 3 resulting from the presence of the methoxy group at 
position 2. 
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MeO. 



Scheme 5. Synthesis of the 2-methoxy derivative of 5 and its sulfamate. 
Reagents: (a) Hg(OAc) 2 , l 2> AcOH/THF; (b) CuCfe/Pyridine, NapMe, reflux;, 
(c) KQC(CH 3 )3/DMF, BnBr; (d) l 2 , KOH, MeOHthen K0H reflux; (e) urea, 180 o C; 
(f) PctfC, H 2 , MeOH/THF; (g) CISO2NH2/DMA. 



Results and discussion 

The in vitro inhibition data of sulphatase activity for compounds 36, 37, 3ft, 41, 45 and 47 
10 is shown below. The remaining compounds are founct to b^ STS Each of the 

compounds described herein is also found to inhibit HSD. 



The ability of compounds 36, 37, 39, 41, 45 and 47 to inhibit TOs^ne sylphafe^e activity 
was examined in human placental microsomes. Incubation of ^Hhoestrone with 
15 placental microsomes with or without the inhibitor at various cpncenti^tfpns, followed by . 
isolation of the product by extraction into toluene gave the results presented in Table 2. 
For the purpose of comparison, activity of EMATE In the different assays was also 
included. The IC50 values, which are used to compare the inhibitory pot^nci^s of these 
D-ring modified steroids, were also calculated. 
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Compound 


Mean % Inhibition ± SD 




O.lnM 


1nM 


10nM 


tOOnM 




10nM 


ICso (nM) 


EMATE 














8 


36 


-6.5±3.6 


-2.5±3.0 


17.4±32.3 


72.6±3.1 


93.8±4.2 


98.7±2.7 


20 


37 


4.7±3.0 


15.0±2.6 


46.4±6.0 


81.9±3.3 


96.4±5.1 


99.1±0.2 


12 


39 


21.2±0.8 


49.3±1.2 


64.1±4.6 


84.6±1.3 


96.8±0.8 


99.3±1.1 


1 


41 


2:9±3.6 


-11.2*7.8 


-5.1±4.0 


41.3±3.3 


90.7db1.6 


98;5±0;5 


tso ; 



Table 2. % Inhibition at different concentrations and IC50 values for inhibition of human 
placental steroid sulphatase by various D-ring modified steroids. 
5 - * . 

Of the different compounds tested, the steroids bearing a propyl, a benzyl and a 2- 
methyl pyridyl moiety on the nitrogen atom of the pipferidine dion 

potent with IC50 between 1 nM and 3 nM: They are therefore more ptotent than EMATE 
with, in particular, compound 45 which is 18 timiss mom potent Compound 36, which 
10 has no substitution at the N-atorn and 37 the N-methyl derivative were not as potent as 
39. Their IC 50 values of 20 nM and 12 nM respectively however suggests that their 
potencies are similar to that of EMATE. Unexpectedly, compound 41, whose side-chain 
te a n-pientyl moiety, showed a dramatic decrease in potency with an ICsb value of 150 
nM. This loss in potency is rather steelp suggesting that the enzyme is not 
15 accommodative for any long hydrophobic N-substrtuent and is very sensitive to the 
change of its size. 

From the different data obtained for the linear alkyl side-chains, a limited structure 
activity relationship graph has been drawn (Figure 2 - Structure-activity relationship for 
20 various side chain lengths vs. the inhibition of the conversion of estrone-sulfate into 
oestrone catalysed by steroid sulphatase), where the IC 50 of each compound is plotted in 
fundtion of the number of carbon atoms in the side-chain. It clearly underlines the 
difference of activity between compound 41 and the group of compounds 36, 37 and 3&. 

25 The loss of activity observed for 41 is rather unexpected since most of the potent 
steroidal inhibitors of STS are, like 41, derivatives of EMATE and contain bulky 
hydrophobic side-chains. The most recent example are the 3-Osulfamates derivatives 
of oestradiol bearing a 17p-alkylamide side-chain (1 and 2) whose activity was found 
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optimum when the alkyl group was an heptyl moiety. Their potency, similar to that of 
EMATE, clearly underlines the presence of a hydrophobic pocket in the enzyme active 
site corresponding to the direction of the 17B-substituent^ 

5 A weaker inhibition of STS by 41 therefore suggests that the orientation of its side-chain, 
situated on the N-atom of the D-ring (6-membered), is different enough from that of the 
17p-side-chain of 1 or 2 (5-membered D-ring) to induce a decrease of affinity with the 
active site of the enzyme. It can be proposed that, while there is a hydrophobic pocket 
in the enzyme active site for 17B-subst'rtuents, the topology of the active site around the 

10 N-position of a 6-membered ring could be more restrictive to bulky substifuents. To 
corroborate this hypothesis, molecular modelling would be a tool of choice, 

In order to elucidate the orientation of the atoms in the D-ring and in the side-chain, as 
well as gather data for possible future molecular modelling studies, the crystal, structure 
15 of the highly potent oesfrone derivative 39 was • determined; A crystal (approx. 
dimensions 0.20x0.17x0.08 mm), obtained from slow recrystallization in 
acetdne/hexane, was used for data collection. -- 

The ORTEP plot of the. asymmetric unit of 4t is shown below along with the. labelling 
20 scheme used. The sulfamate groupi all four rings, and the key features of the modified. 
D-ring are clearly visible. As expected, the D-ring is in a half chair conformation since 
the imide function implies the position of the atoms C13, C17, N and CI' as well as C15, 
C1 6, N and C1* in the same plan. 




25 

ORTEP plot of the X-ray crystal structure of 41. Ellipsoids are shown at the xx% 
■ probability level. . ^ '■• 
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When compared with the ORTEP plot of the X-ray crystal structure of EMATE, 42 it 
clearly appears that the C17|3-orientation of EMATE and the N-alkyl orientation of the 6r 
membered ring of 41 are different, therefore interacting with different areas of the active 
site of STS. 

£ • . . - 

Good inhibition of STS by 45, and in a minor extend by 47, seem to indicate the 
.. r _ presence of a hydrophobic binding area in the active site, even though ft does riot seem 
to be accommodative for a pentyl moiety. However, it is also known that benzyl groups 
(and benzyl-related groups) are more hydrophobic and less sterically restrictive with a 
10 total of 7 oarbons than would, be a linear heptyi side^chain. This could explain the 
difference of potency between compounds 45 of 47 and 41, all with hydrophobic 
substituents. The higher activity found for 45 could also suggest the presence of 
hydrogen bonding donors amohg the amino 'dads residues of the active site; . 

15 Additional biological results are however needed to. fully jnterpretate the data obtained so 
far. Activity of compounds 38, 40 and 42 (respectively ethyl, butyl and hexyl derivatives) 
would represent useful data which might enable the . interpretation of the ipso values 
obtained so far in terms of topology of the active site. 

20 For the time being, the crystal structure parameters of 41 will be useful in exploring the 
interactions of this type of molecule with proteins by computer-aided molecular modelling 
and assist the design of new potent molecules. 

Summary 

25 . ........ J , [ .... " 

Breast cancer is a disease of major important in Europe and Northern America. In 
Britain, it kills more people than any other type of cancer. Hormone dependant breast 
cancer represents about two third of those cases in postmenopausal women; it 
corresponds to a type of breast cancer in which tumours rely on estrogens for their 
30 growth and development 

Endocrine therapy, where oestrogen circulating levels are controlled wa the use of drugs 
that inhibit one or several enzymatic pathway in oestrogen biosynthesis, is the response 
for HDBC. Different targets can be considered and most of the work has been done 
35 around antiestrogens and aromatase inhibitors. The enzymes steroid , sulphatase and 
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17p-HSD type 1 have later emerged as potent targets. 

While several potent inhibitors have been developed fci^STS, 17p-HSD type 1 has not 
raised as much interest and only few active molecules have been reported. Relying on 
5 the fact that D-ring derivatives of EMATE are potent inhibitors of 17p-HSD type 1, we 
initiated the design and synthesis of analogs of EMATE with reduced estrogenicity. This 
. has led to a series of compounds where the D-ring is a piiperidine dione moiety and 
where the N-atom is bearing a variety of side-chains. 

10 Biological testing against STS* which was performed on breast cancer cells, revealed a 
very high activity for derivatives bearing a propyl or a picolyf side-^hairi. WifFTdri IC50 of 
1 hM, they are much more potent than EMATE. 

Experimental 

15 

1 - General Methods 

All chemicals were either purchased from Aldrich Chemical Co. (Gillingham, Dorset, 
UK) or Lancaster Synthesis (Morecambe, Lancashire, UX). AIL organic solvents of A. 

20 R. grade were supplied by Fisons pic (Loughborough, UJC.). Anhydrous N,N- 
dimethylformamide (DMF) and iViiV^iimethylacetamide (DMA), respectively used for all 
AT-alkylations and sulfomoylation reactions, were purchased from Aldrich and were stored 
under a positive pressure of N2 after use. Sulfemoyl chloride was prepared by an 
adaptation of the method of Apel and Berger 48 and was stored as a solution in toluene as 

25 described by W06 et al. 16 An appropriate volume of this solution waS fresihly concentrated 
in Vacuo immediately before use. 

BIS and El were purchased from Sigma Chemicai Co. (Poole, TJ.K.). [ej-^ElS 
(specific activity, 50 Ci/mmol) and [4- 14 C]El (specific activity, 52 mCi/mmol) were 
purchased from New England Nuclear (Boston, MA). [6,7-*H]El (specific activity, 97 
30 Ci/mmol) was obtained from the Amersham International Radiochemical Centre 
(Amersham, UJC). 

ilon laye* chromatography (TLC) was perfbiined on precbkteii ^late^ (M^rclc TLC 
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aluminium sheets silica gel 60 F254, Art. No. 5554). Produces) and starting material 
(SM) were detected by either viewing under UV light or treating with, a methanolic 
. solution of phosphomolybdic acid followed by heatmg^v Flash column chromatography 
was performed on silica gel (Sorbsil C60). IR spectra were determined as KBr discs using 
5 a Perkin-Elmer Spectrum RXI FT-IR and peak positions are expressed in cm" 1 . *H NMR 
and Z)£Pr-edited 13 C NMR spectra were recorded with JMN-GX 400 N1V1R 
spectrometers, and chemical shifts are reported in parts per million (ppm* 5) relative to 
tetramethylsilane (TMS) as an internal standard. The following abbreviations are used to 
describe resonances in *H NMR and 13 C NMR spectra: br* broad; s, singlet; d, doublet; t, 

10 triplet; q, quartet; m, multiplet and combinations such as dd, doublet of doublets. 
Chemical shifts for AB systems (5a and 5b) were approximated by taking the middle of 
each doublet and the corresponding coupling constant labelled Jab or J&a* As an 
example, 5 A and 5b were calculated following the formula shown in appendix 2 for 
compound 21. HPLC analysis were performed on a Waters Millenium^ 2 instrument 

15 equipped with a Waters 996 PDA detector. The traces were recorded on a Waters 
Radialpack CI 8, 8x100 mm column eluted with a methanol/water gradient at 2 mL/min. 
Mass spectra were recorded at the Mass Spectrometry Service Center, University of Bath. 
FAB-MS were carried out using m-nitrobensyl alcohol (NBA) as the matrix, and 
elemental analyses were performed by the Microanalysis Service, University of Bath. 

20 Melting points were determined using a Reichert- Jung Thermo Galen Kofler fclock and 
are uncorrected. The X-ray crystallographic study of 3? wias carried out by Dr. M. 
Mahon in the Department of Chemistry, University of Bath. 

I — 1 —Biological assays 

25 

All assays were performed at the Department of Endocrinology and Metabolic Medicine, 
Imperial College School of Medicine, St Mary's Hospital, London by and in 
collaboration with Dr. A. Purohit and Pr. M. Reed. 

30 The ability of the compounds synthesised to inhibit steroid sulphatase activity was 
examined using placental microsomal preparations* Placental microsomes (100000 g 
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fraction) were prepared from a positive-positive human placenta from a normal-term 
pregnancy. 49 To determine the IC50S for the inhibition of oestrone sulphatase, activity was 
measured in the presence- of the inhibitor (0.05-1.0 J*M) using [ ? H|E1S (4x1 0 5 dpm) 
adjusted to 20 jaM with unlabeled substrate. 14 After incubation of the substrate ± inhibitor 
5 with placental microsomes (125 jxg of protein/mL) for 30 minutes, the product formed 
was isolated from the mixture by extraction with toluene (4 mL) 9 using [4- 14 C]El to 
monitor procedural losses. 

1 — 2 - Preparation of sulfamoyl chloride 

10 

Formic acid (6 mL, 150 mmol) was added dropwisef to a stirred solution of chlorosulfonyl 
isoeyanate (25 g, 150 mmol) in 1 50 mL of freshly distilled toluene at $PG under an 
atmosphere of N2. The resulting, white suspension was stirred overnight at room 
temperature under N2 and the insoluble was filtered out of the solution under N 2 using a 
15 cannule. The filtrate was concentrated in vacuo to give a light brown crude of sulfamoyl 
chloride. A standard solution (ca 0.70 M) of sulfamoyl chloride was then prepared by 
dissolving the crude crystalline product ia freshly distilled toluene and stored in the 
refrigerator under N2. Prior to the reaction formic acid was stirred overnight with boric 
anhydride and freshly distilled under N2. 

20- . - , . - - . : 

1 - 3 . General method for alkylation 

Sodium hydride (60% dispersion in mineral oil, 1.2 eq) was added to a stirred solution of 
10 in anhydrous DMF (15 mL) at 0°C under an atmosphere of 1$2» After evolution of 
25 hydrogen had ceased, the parent alkylating agent (2 eq.) was added. The reaction mixture 
was stirred at room temperature and poured into water (50 mL). The resulting solution 
was extracted into ethyl acetate (50 mL). After further exhaustive washing with brine 
(4x25 mL), the organic layer was dried (MgS0 4 ), filtered and evaporated; in vacuo. 
Fractionation of the crude product that obtained by flash chromatography gave the parents 
30 compounds 11-21. 
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1 — 4 - General method for hydrogeriolysis 

Pd-C (10%) was added to a solution of 10^21 in MeOti^EHF and the resulting suspension 
washydrogenated at room temperature using a hydrogen-filled balloon. After removal of 
f> the supported catalyst by filtration and evaporation of the- filtrate in vacuo, the product 
. obtained was partially (analytical sample) or fully purified to give the parent comppunds 5 
and 22-32. 

1 — 5 - General method for sulfamoylation x 

10 

* To a stirred solution of sulfamoyl chloride (2.2 eq.) in DMA at 0°C under an atmosphere 
of N2 was added 5, 22-32 and 35v The reaction mixture was stirred under N2 in which 
time if was allowed to warm to room temperature. It was then poured into cold brine (15 
. mL), and the resulting solution was extracted with ethyl acetate (2x20 mL). The organic 
15 layers were combined, washed with brine (6x20 mL), dried (MgSC^), filtered and 
concentrated under reduced pressure. The crude product that obtained was fractionated by • 
flash chromatography and/or recrysfallized. 

2 Synthesis 

20 - - -•■ , , ... ■ V • 

2-l--Svrithtes&^ 

I6H3ximin^strone 6 • "'«-v v.\ .-.r 

To a stirred solxition of potassixiin rert-buto»de under an atmosphere of Ni, freshly 

25 prepared by dissolving potassium metal (80 mg, 2.05 mmol) in 2 mL terf-butanol, 
oestrone (200 mg, 740 mmol) was added. The reaction mixture was then stirred for 1 
hour at room temperature under N2 and isoamyl nitrite (130 jimol, 1 .34 mmol) was added 
dropwise. The deep red mixture obtained was stirred overnigjit and then poured into 
water (20 mL). The resulting solution was extracted with ether (2x20 mL) and the 

30 aqueous layer was acidified with glacial acetic acid (10 mL) to give a light yellow 
precipitate. This was left separating for two hoik^ afk» ^hicb the sohd was filtered (140 
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mg, 63%): mp 223-225°C (Tit. 226-227°C); 43 TLC (chloroform/acetone, 9:1) R/0.27 cf. 
R/0.69 (El); IR (KBr) 3385 (NOH), 2920-2860 (aliph CH), 1735 (C=0), 1605-1500 
.(arom C=C) era '; 8 H (DMSO-d 6 , 400 MHz) 0.89 (3H;% C-I8-H3), 1.30-2.85 (11H, m), 
2.70-2.81 (2H, m, G-6-H 2 ), 6.46 (1H, d, Jc-2-h.cm-h = 2.3 Hz, C-4-H), 6.52 (1H, dd, Jc-i- 
5 h.c-2-h = 8.4 Hz and Jb-mc-2-H = 2.3 Hz, C-2-H), 7.05 (1H, d, Jc-2-H,e-i-H ~ 8.2 Hz, C-l-H), 
9.05 (1H, s, exchanged with D 2 0, OH) and 12.39 (1H, s, exchanged withDaO, NOH); 8 C 
(DMSO-de, 100.4 MHz) 14.09 (q, C-18X 25.09 (t); 25.46 (t), 26.18 (t), 29.02 (t), 30.92 (t), 
37.20 (d), 43.20 (d), 44.59 (d), 48.50 (s, C-13), 112.70 (d), 114.83 (d), 125.82 (d), 129.59 
(s), 136.88 (s), 154.84 (s, C-3 or C-16), 155.23 (s, C-3 or C-16) and 204.64 (s, C=0); MS 
10 m/z (FAB+) 453.2 [30, (M+H+NBA)*], 300.1 [100, (M+H) 4 ]; MS m/z (FAB-) 451.3 [38, 
(M-H+NBA)"], 298.2 [100, (M-H)7; Acc MS m/z (FAB+) 300.15963, C1SH22NO3 
. requires 300.15997. CHN> 

3-Acetosy-16-6ximino-estrone 

15 A suspension of 6 (150 mg, 501 mmol) in a mixture of 4.5 mL of glacial acetic acid and 
7.5 mL of acetic anhydride was heated to reflux under an atmosphere of N2 for 20 hours. 
The solvent mixture was then removed under reduced pressure and water was added. 
After basification with aqueous NaOH, the resulting solution was extracted with ethyl 
acetate (2x20 mL). The organic layer was separated, washed with water (2x15 mL), then 

20 brine (2x15 mL), dried (MgS04), filtered and concentrated under reduced pressure. 
Fractionation of the crude product that obtained by flash chromatography with chloroform 
as eluent gave 7 as a light yellow solid (97 mg, 57%): mp 189-193°C (lit 196-198°C); 43 
CHN TLC (chloroform/acetone, 9:1) R/0.68 cf. R/ 0.31 (6); IR (KBr) 3205 (NH), 2940- 
2860 (aliph CH), 1760 (OCOCH 3 ), 1725 (C=0), 1690 (OO), 1610-1495 (arom OC) 

25 cm* 1 ; 6h (DMSO-ds, 400 MHz) 1.11 (3H, s, C-IB-Hb), 1.20-2.72 (1 1H, m), 2.77-2.84 (2H, 
in, C-6-H2), 2.23 (3H, s, OAc), 6.81 (1H, d, Jc-a^c^-H = 2.7 Hz, C-4-H), 6.87 (1H, dd, Jc 
1-H.C2-H = 8.4 Hz and Jc-4-h,c-2-h = 2.5 Hz, C-2-H), 7.32 (1H, d, Jc-2-h,oi-h = 8.2 Hz, C-l- 
H) and 10.64 (1H, s> exchanged with D2O, NH); 6c (DMSO-de, 100.4 MHz) c 15.96 (q, C- 
18), 20.68 (q, COCH3), 24.76 (t), 24.86 (t), 28.79 (t), 32.18 (t), 32.55 (t), 37.29 (d), 4030 

30 . (d), 41.89 (d), 118.62 (d), 120.94 (d), 125.91 (d), 136.46 (s),. 137.12 (s), 147.91 (s, C-3), 
168.85 (s, COCH3), 171.93 (s, OO) and 178.71 (s, C=0); MS m/z <FAB+> 495.2 [10, 
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(M+H+NBA)*], 342.1 [100, (M+H)*], 299.1 [40, (M+H-Ac) 4 ]; MS rh/z (FAB-) 647.3 {12, 
- - (M+2NBA)1, 493.2 [34, (M-H+NBA)"], 340.1 [100, (M-H)*]; Acc MS m/z (FAB+) 
342.17046, C 2 oH 24 N0 4 requires 342.17053 s 
°C-13 signal is hidden under the solvent peaks 

5 

, Oestrone 3 -benzyl ether f8t 

Sodium hydride (60% dispersion in mineral oil, 0,68 g, 20.34 mmol) Was added to a 
stirred solution of El (5.0 g, 18.49 mmol) in anhydrous DMF (50 mL), at O 0 C under an 
) 10 atmosphere of N 2 . After stirring the resulting mixture for an additional 15 minutes, 

benzyl bromide (2.42 mL, 20.34 mmol) was added and the reaction rnixture was heated at 
80°C for 4 hours. The excess of sodium hydride remaining was quenched by pouring the 
reaction mixture into ice/water. The organic fraction that separated was extracted into 
ethyl acetate (150 mL) and further washed exhaustively with water (4x50 mL), dried 

15 (MgS0 4 ), filtered and evaporated in vacuo. The pale yellow residue that obtained was 
recrystallized from isopropyl alcohol to give 8 as white flaky crystals (4.73 g, 7l%): mp 
129-131°C (lit 130-13 l°C)ref; TLC (cMoroforrn/ethyl acetate, 4:1) Rr 0.83 c£ R, 0.61 
(El); IR (KBr) 3100 (arom CH), 2950-2840 (atiph CH), 1730 (0=0), 1600, 1500 (arom 
C=C) cm' 1 ; 8h (CDCI3, 400 MHz) 0.91 (3H, s, C-I8-H3), 1.41-2.54 (13H^n), 2.86-2.93 

20 (2H,m,C-6-H 2 ), 5.04 (2H, s, OCHzAr), 6.73 (1H, d, = 2.3 Hz, CM-H), 6.80 

, > QH, dd, Jc-i-h,c- 2 -h = 8.6 Hz and Jq^c-iji = 2.7 Hz, C-2-H), 7.20 (1H; dj Sz-hc-i-h = 

v 8.6 Hz, C-l-H) and 7.30-7.44 (5H, m, CeHs). 

3-Benzyl-marrianolic acid (9) 

25 A solution of iodine (7.6 g, 29.94 mmol) in 95 mL of MeGH and a solution of KOH (13.7 
g) in 27 mL of water and 61 mL of MeOH were added dropwise and alternatively to a 
stirred solution of oestrone 3-benzyl ether (8) (3.8 g, 10.54 mmol) in MeOH (1 L) so that 
the colour of the mix remains orange/brown. The addition was carried out over 45 
minutes and the resulting light yellow solution was stirred overnight at room temperature 

30 under an atmosphere of N 2 to give a clear light yellow solution the mixture was then 
concentrated in vacuo and poured into water (80f mL). After acidification with 5M HCfc 
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the organic fraction was extracted into ether (600 mL) and the ethereal layer washed with 
aqueous sodium thiosulfate*(4xl00 mL), then water (4x100 mL), dried (MgS0 4 ), filtered 
and evaporated in vacuo. The resulting yellow foam ^54 g) was then dissolved in a 
solution of KOH (7.6 g) in MeOH/H 2 0 (1 :2, 228 mL) and heated to reflux for 4 hours. 
5 The orange mixture that obtained was pOured into water (800 mL) and after acidification 
with 5M HG1 the organic fractions were extracted into ethyl acetate (300 mL). After 
further exhaustive washing with brine (4x200 mL), the organic layer was dried (MgSC>4), 
filtered and evaporated in vacuo to give a yellow residue (4.32 g). This was recrystallized 
from CHCh/liexane 5:3 to give 9 as a creamy powder (2.291 g, 53%). A further crop of 

10 the product (958 mg) was obtained from the residue of die mother liquor upon 
recrystallization from CHCls/Hexane 5:3 (overall yield 75%): mp 2l2-215°C (lit 226- 
227*G); 42 TLG (ehloroform/methanol, 5:1) %037 cfl %0.88 (8); IR (KBr) 30S0.26S0 
(CO2H), 1700 (OO), 1600-1500 (arom C=G) cm" 1 ; 8 H (DMSO-de, 400 MHz) 1.02 (3H, 
s, C-I8-H3), 1.20-2:78 (11H, m), 2.72-2.76 (2H, m, G-6-H2), 5.05 (2H, s, OCH 2 Ar), 6.68 

15 (1H, d, Jc.2-h.o4-h - 2.7 Hz, C-4-H); 6.75 (1H, dd, Jc-i-h.c-2-h = 8.6 Hz and Jc^c-z-n = 
2.3 Hz, C-2-H), 7.18 (1H, d, Jc-2-h.ci-h - 8.9 Hz, C-l-H), 7.30^7.42 (5H, m, CeHs) and 
12.14 (2H, s, exchanged with D2O, CO2H); 6c (DMSO-de, 100.4 MHz) 15.37 (q, C-18), 
25.84 (t), 26.53(f), 29.73 (t), 35.77 (t), 36.10 (t), 40.73 (d), 41 .84 (d), 42.55 (d), 46.21 (s, 
C-13), 68.93 (t, OCH 2 Ar), 112.35 (d), 114.02 (d), 126.32 (d), 127.29 (2xd), 127.49 (d), 

20 128.19 (2xd), 131.64 (s), 137.18 (2xs), 155.96 (s, C-3), 173.93 (s, CQ2H) and 178.60 (s, 
CO2H); MS m/z (FAB+) 408.2 [41, M*J, 91.1. [100, (CHzAr) 4 ]; Acc MS m/z (FAB+) 
408.19404, C25H28O5 requires 408.19367. 

3-Beiizyloxy-1647-seco-estTa-13^(10)-trieiie-16,i7-iinide (16 

25 3-Benzyl-marrianolic acid (9) (3^5 g, 7.96 mmol) and urea (3.25 g, 54.11 mmol) were 
heated at 180°C under an atmosphere of N 2 for 45 minutes. The resulting brown residue 
was then crushed and acetone was added (200 mL) to give a brown suspension. This 
mixture was concentrated to ca 100 mL, silica gel was added and the solvent was removed 
to give an homogeneous beige powder which was transferred onto a wet packed 

30 (cUoroform) flash chromatography column. Elution with chloroform/acetone (96:4) gave 
10 as a white residue (2.75 g, 89%): mp 225-226°e; TLC (cWoroform/acetone, 9:1) R/ 
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0.62 cf. R/0.14 (9); IR (KBr) 3260 (NH), 2900-2870 (aliph CH), 1720 (OO), 1700 
(OO), 1600-1500 (arom C=C) cm" 1 ; 6h (DMSO-d 6 , 400 MHz) 1.09 (3H, s, C-I8-H3), 
1.20-2.72 (11H, m), 2.76-2.80 (2H, m, C-6-H 2 ), 5.05 <^H, s, OGHfeAr), 6.72 (1H, d, Jb- 2 . . 
h.c-4-h = 2.3 Hz, C-4-H), 6.76 (1H, dd, Jc-i-h,c2-h = 8.5 Hz and Jc4-h,c-2-h = 2.7 Hz, C-2- 

5 H), 7.19 (1H, d, Jc-2-H.oi-H = 9.0 Hz, C-l-H), 7.31-7.44 (5H, m, QjHs) and 10.63 (1H, s, 
exchanged with D 2 0, NH); 5 C (DMSO-de, 100.4 MHz) 16.16 (q, C-18), 25.06 (t), 25.25 
(t), 29.25 (t), 32.37 (t), 32.72 (t), 37.82 (d), 40.32 (d), 40.49 (s), 41.91 (d), 68.89 (t, 
OCH 2 Ar), 112.25 (d), 114.08 (d), 126.00 (d), 127.27 (2xd), 127.45 (d), 128.16 (2xd), 
131.51 (s), 137.01 (s), 137.12 (s), 155.97 (s, C-3), 172.09 (s, 0=0) and 178.89 (s, 0=0); 
10 MS m/z (FAB+) 543.3 [8, (M+H+NBA) 4 ], 390.2 [58, (M+H) 4 ], 91.1 [100, (CH 2 Ar) + ]; 

; Acc MS m/z (FAB+) 390.20586, C^gNQs requires 390.20692. For HPLC and CHN 
analysis, a sample was reerystallized from EtOH to give colourless needles. HPLC 

, (methanol/water, 85:15; = 278.1 nm) Rt = 8.15 min, 100%; Found: C, 76.90; H, 
6.99; N, 3,73. C^tNOs requires: C, 77.09; H, 6.99; N, 3.60. 

15 

2 —2— Introduction of various side chains on the D-ring via iV'-alkylations 
3-BeiizyIoxy-;V-methyl^^^ 

Following the alkylation conditions (see VI-1-3), 10 (500 mg, 1.28 mmol) was treated 
20 withNaH (62 mg, 1 .54 mmol) arid the subsequent reaction with methyl iodide (1 60 jiL, 
2,57 mmol); was complete within 45 minutes. Fractionation of the crude product that 
obtained by flash chromatography with chloroform as eluent gave 11 as a white residue 
(432 mg, 83%): mp 118-121°C; IR (KBr) 3160-3060 (arom CH), 2920-2870 (aliph CH), 
1720 (C=0), 1670 (OO), 1600-1500 (arom C=C) cm 4 ; 5h (CDCfe, 400 MHz) 1.17 (3H, 
25 s, C-18rH 3 ), 1.26-3.00 (UH, m), 2.86-2.91 (2H, m, C-6-H 2 ), 3.15 (3H, s, N-CH 3 ), 5.04 
(2H, s, OCHiAr), 6.72 (1H, d, J<>2-h,c-4-h = 2.7 Hz, C-4-H), 6.80 (1H, dd, Joi-ftca-H - 8.6 
Hz and Jc4-h,c-2-h = 2.7 Hz, C-2-H), 7.21 (1H, d, Jc-2-h.oi-h = 8.6 Hz, C-l-H) and 732- . 
7.45 (5H, m, QHs); 6c (CDC1 3 , 100.4 MHz) 16.64 (q, C-18), 25.58 (t), 25.83 (t), 26.98 
(q, C-l'), 29.73 (t), 33.50 (t), 33.83 (t), 38.55 (d), 40.42 (d), 41.53 (s, 013), 42.57 (d), 
30 69.95 (t, OCHfeAr), 112.56 (d), 114.51 (d), 126.14 (d), 126.29 (2xd), 127.75 (d), 128.42 
(2xd), 131.49 (s), 137.01 (s), 137.16 (s), 156.82^ C-3), 171,81 (s> 0<» and 178.68 (s, 
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OO); MS m/z (FAB+) 404.4 [79, (M+H) 4 ], 91.1 [100, (C^Ar)*]; Aec MS m/z (FAB+) 
404.22174, C2&H30NO3 requires 404.22257. For HPLC arid CHN analysis, a sample was 
recrystallized from EtOH to give colourless crystals. HEfcC (methanol/water, 90:10; Xnaa. 
= 278.1 rim) Rt = 3.93 min, 100%. Found: C, 77.30; H, 7.22; N, 3.48. C26H29NO3 
5 requires: C, 77.39; H, 7.24; N, 3. 47. 

3-Benzy!o:^-JV-ethyl-1647-seco-estra-l^ (12) 

Following the alkylation conditions (see Vt-1-3), 10 (500 mg, 1.28 mmol) was treated 

wiuVNaH (62 mg, 1.54 mmol) and the subsequent reaction with ethyl iodide (205 uL, 

10 2.57 mmol) Was complete within 1 hour. Fractionation of the crude product that obtained 
by flash chromatography with chloroform as eluent gave 12 as a white residue (502 mg, 
94%): mp 93-95°C; IR (KBr) 2975-2865 (aliph GK), 1715 (C=0), 1665 (C=0), 1605- 
1500 (arom C=C) cm 4 ; 5h (CDCfe, 400 MHz) 1.1 1 (3H, t, J= 7.2 Hz, C-2'-H 3 ), 1.16 (3H, 
s, C-I8-H3), 1.31-2.98 (11H, m), 2.85-2.90 (2H, m* C-6-H2 ), 3,81 (2H, m, N-GH2), 5.04 

1 5 (2H, s, OCHaAr), 6.72 (1H, d, ^c-2-h,c-4-h = 2.7 Hz, C-4-H), 6.81 (1H, dd, Jc-i-h.c-2-h = 8.6 
Hz and Jcm-h.c-2-h = 2.7 Hz, C-2-H), 7.22 (1H, d, Jc*h,c-i-h - 8.6 Hz, C-l-H) and 7.30- 
7.44 (5H, m, CfiHs); 5c (CDCl 3i 100.4 MHz) 13.15 (q, C-2')> 16.43 (q, C-18), 25.49 (t), 
25.69 (t), 29.61 (t), 33.52 (t), 33.63 (t), 35.03 (t, C-l'), 38.54 (d), 40^2- (d), 41.28 (s, C- 
13), 42.42 (d), 69.84 (t, OCH 2 Ar), 112.44 (d), 114:41 (d), 12&00 (d), 127.15 (2xd), 

20 127.61 (d), 128.28 (2xd), 131.41 (s), 136.91 (s), 137.05 (s* 156.70 (s, C-3), 171.15 (s, 
0^=0) and 178.03 (s, CX)); MS m/z (FAB4-) 418.3 [9X), (MWIj 91.0 [lOO^ (GHzAr) 4 ]; 
Ace MS m/z (FABf) 417.23061, C27H31NO3 requires 417.23039. For HPLC and CHN 
analysis, a sample was recrystallized from EtOH to give white crystals. HPLC 
(methanol/water, 85:15; ?W = 278.1 rim) Rt - 8.15 min, 100%. Found: C,; H,; N,. 

25 C27H31NO3 requires: C, 77.67; H, 7.48; N, 3.35. 

3-Benzylo^-/\r-propyl-16 f 17-seco-^ (13) 
Following the alkylation conditions (see Vt-1-3), 10 (500 mg, 1 h& irimdl) was treated 
with NaH (62 mg, 1.54 mmol) and the subsequent reaction With propyl iodide (250 pL, 
30 2.57 mmol) was complete vrithin 2 hours-. Fractionation of the crude product that 
obtained by flash chromatography wim chloroform as eluent gave 13 as a White residue 
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(524 mg, 94%): mp 95-98°C; IR (KBr) 3035 (arom CH), 2960-2870 (aliph CH), 1720 
(OO), 1660 (C=0), 1610-^1500 (arom C=C) cm" 1 ; % (CDC1 3 , 400 MHz) 0.89 (3H t, J= 
76 Hz, C-3'-H 3 ), 1.16 (3H, s, C-I8-H3), 132-2.98 (13H^m), 2.83-2.88 (2H, m, C-6-H 2 ), 
3.64-3.80 (2H, m, N-CH 2 ), 5.03 (2H, s, OCH 2 Ar), 6.72 (1H, d, Jc-2-h,c-4-h = 2.7 Hz, C-4- 

5 . H), 6.80 (1H, dd, Jc-i-h,c-2-h = 8.6 Hz and /o»-h,c-2-h = 2.7 Hz, C-2-H), 7 ? 21 (1H, d, Jo*. 
h.c-1-h = 8.6 Hz, C-l-H) and 7.30-7.44 (5H, m, OHs); 8c (CDC1 3 , 100.4 MHz) 11.44 (q, 
C-3'), 16.65 (q, G-18), 21.30 (t), 25.63 (t), 25.83 (t), 29.76 (t), 33.68 (t), 33.81 (t), 38.68 
(d), 40.37 (d), 41.50 (s, C-13), 41.56 (t, C-l'), 42.54 (d), 69.97 (t, OCHjAr), 112.56 (d),: 
114.52 (d), 126.15 (d), 127.29 (2xd), 127.76 (d), 128.42 (2xd)^ 131.54 (s), 137.03 (s), 
10 13720 (s), 156.83 (s, C-3), 171.49 (s, C=0) and 178.43 (s, C=0); MS m/z (FAB+) 432.4 

v [88, (M+H) 4 ], 91.1 [100, (CHzAr) 4 ]; Acc MS m/z (FAB+) 432.25223, C28H34NO3 
requires 43225387. For HPLC and CHN analysis, a sample was recrystahized from 

> • EtOH to give white crystals. HPLC (methanol/water, 90: 10; = 278.1 nm) Rt = 5.50 
ruin, 100%. Found: C, 77.60; H, 7.68; N, 3.26. CasHasNGb requires: C, 77.93; H, 7.71; 
15 N,3>25. 

3-Beiizylo:^Ar-butyM 

Following the alkylation conditions (see VI-1-3), 10 (500 mg, 128 mmol) was treated 
with NaH (62 mg, 1 .54 mmol) and the subsequent reaction with bromobutane (276 uL, 

20 2.57 mmol) was complete within 4 hours. Fractionation of the crude product that 
* Obtained by flash chromatography with chloroform as eliieht gave 14 as a. white residue 

v (513 mg, 90%): inp 100-103°G; IR (KBr) 2960-2870 (aliph CH), 1720 (OO), 1665 
(0=0), 1615-1500 (arom.OC) cm 4 ; 5h (CDCI3, 400 MHz) 0.92 (3H, t, J--7.2 Hz, C-4'- 

v H 3 ), 1,16 (3H, ti G-I8-H3), 1.28-2.99 (15H,m), 2.84-2.89 (2H; C-6>-H 2 ), 3.75 (2H, m, 

25 N-CH 2 ), 5.04 (2H,s, OCHzAr), 6.72 (1H, d, Jc^cm-h - 2.3 Hz, C-4-H), 6.81 (1H, dd, 
Jc-i-h.c-2-h = 8.6 Hz and Jc*4-h.c.2-h = 2.7 Hz, C-2-H), 7.22 (1H, d, Jb-2-nc-i-H = 8.6 Hz, C- 
1-H) and 729-7.45 (5H, m, CgHs); «c (CDCI3, 100.4. MHz) 13.76 (q, C-4'), 16.48 (q, C- 
18), 20.15 (t), 25.49 (t), 25.69 (t), 29.60 (t), 30.01 (t), 33.54 (t), 33.67 (t), 38.54 (d), 39:75 
(t, C-r), 40.24 (d), 4135 (s, C-13), 42.40 (d), 69.83 (t, OCIfcAr), 112.42 (d), 114.40 (d), 

30 126.00 (d), 127.14 (2xd), 127.60 (d), 12828 (2xd), 131.41 (s), 136,90 (s),137.0S (s), 
15&69 (s, C-3), 17130 (s, C=Q) and 178.25 ^OO); MS m/z <FAB+> 446.3 [97, 
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(M+H)*], 91.0 [100, (CH 2 Ar) + ]; Acc MS m/z (FAB+) 446.26912, C29H36NO3 requires 
446.26952. For HPLC and CHN analysis, a sample was recrystallized from EtOH to give 
white needles. HPLC (methanol/water, 85:15; W =^78.1 nm) Rt - 8.15 min, 100%. 
Found: C, 77.80; H, 7.89; N, 3.13. CisHasNOs requires: C, 78.17; H, 7.92; N, 3.14. 
5 (slightly out) 

3-Beii2yloxy-iV-pentyl-1647-seco^ 

Following the alkylation conditions (see Vl-1-3), 10 (500 mg, 1.28 mmol) was treated 
With NaH (62 mg, 1.54 mmol) and the subsequent reaction with pentyl bromide (318 (JL, 
10 2.57 mmol) was complete within 5 hours. Fractionation of the crude product that 
obtained by flash chromatography with chloroform as eluent gave 15 as a White residue 
(550mg,93%): mp 104-107°C; IR (KBr) 3100-3000 (arom CH), 2960-2870 (aliph CH), 
1720 (C=0), 1660 (C=0), 1610-1500 (arom C=C) cm* 1 ; 8ft (CDCI3, 400 MHz) 0.89 (3H, 
t, J= 7.2 Hz,C-5'-H 3 ), 1.16 (3H, s, C-18-H 3 ), 1.20-2.98 (17H, m), 2.83-2.89 <2H ? m, C-6- 
15 H 2 ), 3.66-3.82 (2H, m, N-CH 2 ), 5.03 (2H, s, OCHzAr), 6.72 (1H, d, Jc-2-h.cm-h = 2.7 Hz, 
C-4-H), 6.80 (IH, dd, Jc-i-h.c-2-h - 8 6 Hz and Jc-4-h.c2-h = 2.7 Hz, C-2-H), 7.21 (1H, d, 
Jc-Mtci* = &6 Hz, G-l-H) and 7.30-7.44 (5H, m, CeHs); S c (CDC1 3 , 100.4 MHz) 14.10 
(q, C-5'), 16.63 (q, C-18), 22.46 (t), 25.63 (t), 25.81 (t>, 27.72 (t), 29.16 (t), 27.75 (t), 
33.68 (t>, 33.79 (t), 38.68 (d), 40.10 (t, C-l')» 40.35 (dX 41.48 (s, C-13), 42.54 (d), 69.96 
20 (t, OCH 2 Ar), 112.55 (d), 114.51 (d), 126.15 (d), 127.29 (2xd), 127.76 (d), 128.42 (2xd), 
131.54 (s), 137.02 (s), 137.20 (s), 156.81 (s, C-3), 171.45 (s, CH0) and 178.39 (s, 00); 
MS m/z (FAB+) 460.2 [78, (M+H) 4 ], 91.1 [100, (GEfcAr)*]; Acc MS m/z (FAB+) 
460.28447, C 3 oH 3 »NCb requires 46048517. For. HPLC and CHN analysis, a sample was 
recryst^lized from EtOH to give colourless needles. HPLC (methandl/water, 92:8; Xaax. - 
25 276.9 nm) Rt = 6.46 min, 97.7%. Found: C, 78.20; H, 8.08; N, 3.01. C30H37NQ, 
requires: C, 78.40; H, 8.1 1; N, 3.05. 

3-Benzylo^-jV-he^M647-seco-estra-l,3,5^ (16) 
Following the alkylation conditions (see VI-1-3), 10 (500 mg, 1.28 mmol) was treated 
30 with NaH (62 mg, 1.54 mmol) and the subsequent reaction with hexyl bromide (360 |iL, 
2.57 mmol) was complete within 1.5 hours. Fractionation of the crude product that 
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obtained by flash chromatography with chloroform as eluent gave 16 as a white residue 
(575 mg, 94%): mp 108-1 11°C; JR (KBr) 2960-2860 (aliph CH), 1720 (CO), 1665 
(CO), 1615-1500 (arom C=C) cm" 1 ; 8 H (CDC1 3 , 400 MHz) 0.87 (3H, t, J= 6.6 Hz, C-6>- 
H 3 ), 1.16 (3H, s, C-18-H 3 ), 1.28-2.98 (19H, m), 2.84-2.89 (2H, m, C-6^H 2 ), 3.74 (2H, in, 
N-CH 2 ), 5.04 (2H, s, OCHaAr), 6.72 (1H, d, Jc-2-h,<m-h = 2.7 Hz, C-4-H), 6.81 (1H, dd, 
Jc-i-h,c-2-h = 8.6 Hz and Jcm-h.c-2-h = 2.7 Hz, G-2-H), 7.22 (1H, d, Jc-2-h,c-i-h = 8.6 Hz, C- 
1-H) and 7.29-7.44 (5H, m, QH5); 8 C (CDCI3, 100.4 MHz) 14.13 (q, C-6'), 16.63 (i C- 
18), 22.63 (t)ii 25.64 (t), 25.84 (t), 26.69 (t), 27.99 (t), 29.76 (t), 31.56 (t), 33.69 (t), 33.82 
(t), 38.70 (d), 40.14 (t, C-r>, 40.39 (d), 41.50 (s, C-13), 42.55 (d), 69.99 (t, OCH 2 Ar), 
112.58 (d), 114.55 (d), 126.15 (d), 127.29 (2xd), 127.76 (d), 128.42 (2xd), 131.57 (s), 
137.05 (s), 137.20 (s), 156.84 (s, C-3), 171.44 (s, CO) and 178.38 (s, OO); MS m/z 
(FAB+) 474.3 [68, (M+H) 4 ], 91.0 [100, (CHzAr)*]; Acc MS m/z (FAB+) 473.29238, 
C31H39NO3 requires 473.29299. For HPLC and CHN analysis, a sample was 
recrystallized from EtOH to give white needles. HPLC (methanol/water, 85:15; - 
278.1 nm)Rt = 8.15 min, 100%. Found: C, 78.10; H, 8.16; N, 2.98. C31H39NQ3 requires: 
C, 78.61; H, 8.30; N, 2.96. (slightly out) 

3-Beiizyloxy-iV-bromoburyl-1647-se^ 

Following the alkylation conditions (see VI-1-3), 10 (500 mg, 1.28 mmol) was treated 
withNaH (62 mg, 1.54 mmol) and the subsequent reaction with 1 ,4-dibromobutane (310 
uL, 2.57 mmol) was complete within 1.5 hours. Fractionation of the crude product that 
obtained by flash chromatography with chloroform as eluent gave 17 as a white residue 
(569 mg, 84%): mp 113-116°C; TR (Or) 2935-2860 (aliph CH), 1720 (OO), 1670 
(CO), 1605-1500 (arom OC) cm" 1 ; 5h (CDC1 3 , 400 MHz) 1.17 (3H, s, C-I8-H3), 1.30- 
3.00 (15H, m), 2.84-2.90 (2H, m, C-6-H 2 ), 3.42 (2H, t, .7= 6.8 Hz, CHaBr), 3.79 (2H,m, 
N-CH 2 ), 5.04 (2H, s, OCH 2 Ar), 6.72 (1H, d, Jc.2-h.c-4* = 2.7 Hz, C-4-H), 6.81 (1H, dd, 
■/c-i-H,c-2-H = 8;6 Hz and Jc4-h,c-2-h = 2.7 Hz, C-2-H), 7.21 (1H, d, Jb-2-H,c-i-H = 8.6 Hz, C- 
1-H) and 7.30-7.45 (5H, m, QH5); 8 C (CDCI3, 100.4 MHz) 17.02 (q, C-18), 25.92 (t), 
26.14 (t), 27.12 (t), 30.08 (t), 30 51 (t), 33.54 (t), 33.95 (t), 34.08 (t), 38.96 (d), 39.35 (t, 
C-l'), 40.62 (d), 41.85 (s, C^13), 42.85 (d), 70.27 (t, OCH 2 Ar), 112.88 (d), 114.83 (d), 
126.45 (d), 127.64 (2xd), 128.12 (d), 128,77 (2^cd), 131.77 (s), 13730 (s), 137.50 (s), 
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157.12 (s, C-3), 171.83 (s, C=0) and 178.76 (s, C=0); MS m/z (FAB+) 524.1 [42, 
(M+H) 4 ], 91.0 [100, (CHaAr)*]; Acc MS m/z (FAB+) 525.17157, (^H^BrNOj requires 
525.17016 and 524.17384, C^Ha-tBrNCb requires 52448003. For HPLC and CHN 
analysis, a sample was recrystallized from EtOH to give white crystals. HPLC 
5 (methanol/water, 90:10; A™* = 278.1 nm) Rt = 6.04 min, 99.7%. Found: C, 66.30; H, 
6.51; N, 2.56. C29H34BrN03 requires: C, 66.41; H, 6.53; N, 2.67. 

3-Benzylo:^-JV-cyclopropytaaethyM647^ (18) 
Following the alkylation conditions (see VI-1-3), 10 (500 mg, 1.28 mmol) was treated 

10 with NaH (62 mg, 1.54 mmol) and the subsequent reaction with bromomethyl- 
cyclopropane (246 uL, 2.57 mmol) was complete within 3 hours. Fractionation of the 
crude product that obtained by flash chromatography with chloroform as eluentgave 18 as 
a white residue (536 mg, 94%): mp 96-99°C; IR (KBr) 2920-2860 (aliph CH), 
1720(G=O), 1670(C=O), 1610-1495 (arom OC) cm" 1 ; Sr (CDC1 3 , 400 MHz) 0.29-0.34 

15 (2H, m, C-3'-H 2 ), 0.40-0.45 (2H, m, C-4'-H 2 ), 1.15 (1H, m, C-2*-H), 1.18 (3H, s, C-18- 
H 3 ), 1.25-3.01 (11H, m), 2.85-2.90 (2H, m, C-6%-H 2 ), 3.67 (2H, m, N-CH 2 ), 5:04 (2H, s, 
OCH 2 Ar), 6.73 (1H, 4 ^&2-h.o4-h - 2.3 Hz, C-4-H), 6.81 (1H, dd, Ji>i-H,c- 2 -H = 8.6 Hz and 
^b4-H,c-2-H = 2.7 Hz, C-2-H), 7-22 (1H, d, Jfea^c-wi = 8.6 Hz, C-l-H) and 7.29r7,45 (5H, 
m, CeHs); 5p (CDC1 3 , 100.4 MHz) 3.94 (t, C-3'), 4.02 (t, C-4'), 10.52 (d, C-2'), 16.96 (q, 

20 C-18), 25.96 (t), 26.15 (t), 30.08 (t), 34.03 (t), 34.14 (t), 39.06 (d), 40,65 (d), 41,86 (s, C- 
13), 42.86 (d), 44.59 (t, C-l'), 7031 (t, OCHiAr)* 112.90 (d), 114.87 (d), 126.45 (d), 
12760 (2xd), 128.06 (d), 128.73 (2x<3), 131.91 (s), 137.37 (s), 137,52 (8), 157,16 (s, C-3), 
171.99 (s, C=0) and 178.98 (s, CM)); MS m/z (FAB+) 887.3 [58, (2M+H) 4 ], 444.1 [98, 
(M+H)*], 91.0 [100, (CHfoAr)*}; Acc MS m/z (FAB+) 443.24533, C^HasNOj requires 

25 443.24604. For HPLC and CHN analysis, a sample was recrystallized from EtOH to give 
white needles. HPLC (methanol/water, 85:15; = 278.1 nm) Rt = 8.15 min, 100%. 
Found: C, 78.30; H, 7.47; N, 3.18. CzpHaaNGb requires: C, 78.52; H, 7.50; N, 3.16. 

3-Ben2yl03ty-JVH3-picoly^ 
30 Sodium hydride (60% dispersion in mineral oil, 31 mgi 770 umol) was added to a stirred 
solution of 10 (250 mg, 642 umol) in anhydrous DMF (10 mL) at room temperature under 
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an atmosphere of N2. After evolution of hydrogen had ceased, 3-(Bromomethyl)pyridine 
hydrobromide (325 mg, 1.28 mmol) was added to give a deep orange mixture. This was 
stirred for 2 hours at room temperature, then an adcjjtional 2 equivalents of sodium 
hydride (52 mg, 1.28 mmol) were added to the mixture; This was stirred overnight at 
5 room temperature and poured into Water (40 mL). The resulting dark red mixture was 
extracted into ethyl acetate (40 mL). After further exhaustive washing with brine (4x20 
mL), the organic layer was dried (MgSO*), filtered and evaporated in vacuo." 
v Fractionation of the crude product mat obtained by flash chromatography with 
chloroform/acetone (9:1) as eluent gave 19 as a white residue which was further purified 

10 by a second flash column with chloroform/acetone (95:5). A white powder was obtained 
(230 mg, 75%): mp 170-172°C; IR (KBr) 2925-2870 (ahph CH) , 1720 (C=0), 1670 
(0=0), 1610-1500 (arom €=<2) cm -1 ; 5ft (GDGl 3i 400 MHz) 1.14 (3 H, s, G-I8-H3), 1.28- 
3.04 (I1H, m), 2.84-2.88 (2H, m, C^6-H 2 ), 4,92 (1H, d, ^ha= 13.7 Hz, N-CH^HePy), 4.98 
(1H, d,^B= 14.1 Hz, N-CHAH^Py), 5.03 (2H, s, OCH 2 Ar), 6.71 (1H, d, Jc-2-h.cm-h = 2.7 

15 Hz, C-*-H), 6.79 (1H, dd, Jc-i-h.o-2-h = 8,6 Hz and Jcm-h.c-i-h - 2.7 Hz, C-2-H)/7. 17-7.45 
(7H, m, CeHs, C-l-H and C-4"-H), 7.69 (1H, td, Jo*"-a, ov-h ~ 7.8 Hz, Jc-s-h. c-3"-ir= 
Jcv-h, c-3--h= 1.9 Hz, C-2"-H), 8.50 (1H, dd, Jc^-'-h, c-5"-h = 5.1 Hz, Je^m, c-5»-h = 1.6 
Hz, C-5'^H) and 8.63 (1H, d, Jc-3"-h. cv-h = 1.9 Hz, C-l"-H); 8 C (CDCI3, 100-4 MHz) 
16.49 (q, C-18), 25.51 (t), 25.77 (t), 29.68 (t), 33.56 (t), 33.66 (t), 38.52 (d), 4<).14 (d), 

20 40.85 (t, C-l'), 41.58 (s, C-13), 42.43 (d), 69.93 (t, -OCH 2 Ar), 112.55 (d), 114.47 (d), 
- 123.l£(d), 12612 (d), 127.26 (2xd), 127,75 (d), 128.41 (2xd), 131.35, (s), 132.80 (s), 
136.37 (d), 137.10 (2xs), 148.59(d), 150.03 (d), 156.80 (s, C-3), 17136, (s,G=0) and 
17831 (s, C=0);MS m/z(FAB+) 481.3 [100, (M+H)^ 91.1 [47, (CH 2 Ar)*]; Acc MS m/z 
" (FAB+) 481 .25036, C31H33N2O3 requires 481 .24912. For HPLC and CHN analysis, a 

25 sample Was recrystallized from EtOH to give colourless needles. HPLC (methanol/water, 
90:10; W = 259.2 nin) Rt = 3.90 min, 100%. Found: C, 77.00; H, 6.75; N, 5.73: 
C32H33N2O3 requires: C, 77.47; H, 6.71; N, 5.83. 

3-BenzyloxyrAr-/ei*-biity^^ (20) 
3Q Following the alkylatioh conditions (see VP-1-3), 10 (500 mg, 1^8 mmol) was treated 
with NaH (62 mg, 1.54 mmol) and me subsequent reaction with ;l-bromoinethyl-4-ferf- 
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butyl-benzene (472 uL, 2.57 mmol) was complete within 30 minutes. Fractionation of the 
crude product that obtained by flash chromatography with chloroform as eluent gave 20 as 
a white residue (667 mg, 97%): mp 199-200°C; IR (KBr) 2965-2870 (aliph CH), 1720 
(0=0), 1670(00), 1605-1505 (arom C=C) cm' 1 ; 5h (CDC1 3 , 400 MHz) 1.16 (3H, s, C- 
5 18-Ha), 1.28 (9H, s, C(CH 3 h), 1.30-3.01 (11H, m), 2.84-2.90 (2H, m, C-6,H 2 ), 4.88 (1H, 
d, J BA = 13.7 Hz, N-CH^CHb), 4,94 (1H, d, Tab = 14.1 Hz, N-CH A CHg), 5.03 (2H, s, 
OCH2Ar), 6.72 (1H, d, /c-2-h,c-4-h = 2.7 Hz, C-4-H), 6.80 (1H, dd, Tc-i-h.c-2-h = 8.6 Hz and 
To4-h,c-2-h - 2.7 Hz, C-2-H), 7.21 (1H, d, Je-zjic-i-H = 8.6 Hz, C-l-H) and 7.24-7.44 (9H, 
m^GeHs, C-2"-H, C-3"-H, C-5"-H and C-6"-H); 8c (CDCI3, 100 .4 MHz) 16,60 (q, C- 

10 18), 25.60. (t), 25,79 (t), 29.73 (t), 31.40 (3xq, CiOishX 33.67 (t), 33.77 (t), 34.53 (s, 
C(GH 3 )3), 38.63 (d), 40.15 (d), 41.55 (s, C-l 3), 42.48 (d), 42.88 (t, C-l')* 69.93 (t, 
OCHiAr), 112.53 (d), 114.47 (d), 125.20 (2xd), 126.15 (d), 127.30 (2xd), 127.77 (d), 
128.02 (2xd), 128.42 (2xd), 131.48 (s), 134.20 (s), 136.98 (s), 137.17 (s), 149.91 (s% 
156.79 (s, C-3), 171.42 (s, C=0) and 178.37 (s, O=0); MS m/z (FAB+) 1071.5 [32; 

15 (2M+H)*}, 536.2 [80, (M+H) 4 ], 91.0 [100, (GEfeAr)*]; MS m^r (FAB-) 534.3 [72, (M-H); 
], 195.0 [100], 276.0 [100] Acc MS m/z (FAB+) 535.30865, C36H41NO3 requires 
535.30864. For HPLC and CHN analysis, a sample was recrystallized from EtOH to give 
white needles. HPLC (methanolAvater, 90:10; Xmax = 259.2 nm) Rt = 3.90 min, 100%. 
Found: G,; H,;N,. C29H35NO3 requires: C, 80.71; H, 7.71; N, 2.61. 

20 .......... ^ . ," 

3UBehzyIoxy-Mbett^^ 

3-Benzyl-marrianolic acid (ft) (500 mg, 1.22 mmol) was stirred with benzylamihe (6.25 
mL, 57.22 mmol) and heated at 180°C under an atmosphere of N 2 for 3 hours. After 
cooling down, the resulting brown mixture was poured info water (250 mL), acidified 

25 with HC1 SM, and the organic fractions were extracted into ethyl acetate (50 mL). After 
further exhaustive washing with water (1 x25 mL), then brine (3 x25 mL), the organic layer 
was dried (MgS0 4 ), filtered and evaporated in vacuo. Fractionation of the crude product 
that obtained by flash chromatography with cMorofonn/hexane (8/2) as eluent gave 21 as 
a creamy powder (385 mg, 65%): mp 144-146°C;.IR. (KBr) 3100 (arom CH), 2940-2850 

30 (aliph CH), 1720 (OO), 1670 (OK)), 1615-1560 (arom C=C) cm" 1 ; 6h (CDCI3, 400 
MHz) 1:15 (3H, s, C-I8-H3), 1.25-3.01 (lllLm), 2.84-2.89 (2H, m, C-6-H2), 4.91 (lH,d; 
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J B a= 13.7 Hz, N-CH^HeAr), 4.98 (1H, d, J m = 13.7 Hz, N-CHaHbAt), 5.03 (2H, s, 
OCH 2 Ar), 6.72 (1H, d, J C -2-h,04-h = 2.7 Hz, C-4-H), 6.80 (1H, dd, 4,,^ - 8.6 Hz and 
Jc*aja*a = 2.7 Hz, C-2-H), 7.21 (1H, d, Jb*nc-i-HSf 8.2 Hz, C-l-H) and 7.24-7.43 
(10H, m, 2xC6H 5 ); 5c (CDC1 3 , 100.4 MHz) 16.54 (q,.C-18), 25.59 (t), 25.80 (t), 29.73 (t% 
5 33.66 (t), 33.75 (t), 38.64 (d), 40.17 (d), 41.54 (s, C-13), 42.48 (d), 43.22 (t, C-l'), 69.93 
(t, OGHjAr), 112.54 (d), 114.48 (d), 126.14 (d), 127.19 (d), 127.29 (d), 127.76 (d), 
128.27 (d), 128.39 (d), 128.42 (d), 131.47 (s), 136.98 (s), 137.16 (s), 137.25 (s), 156.80 
(s,C-3), 171.39 (s, C=0)and 17831 (s,C=0); MS m/z (FAB+) 480.2 [52, (M+H) 4 ], 91.1 
[100, (CHzAr)"*]; Acc MS m/2 (FAB+) 480.25223i C32H34NO3 requires 480.25387. For 
10 HPLC and CHN analysis* a sample was recrystallized from MeOH to give colourless 
needles. HPLC (methanol/water, 90:10; X faSlK = 220.0 nm) Rt = 5.83 rnin,99.0%. Found: 
C, 80,1.0; H, 6.91; N, 2.94. C32H33NO3 requires: C, 80.14; H, 6.94; N, 2.92. 

2 r- 3 — Deprotection of the precursors 

15 

3-Hydroxy-1647-seco-estra-13^(10)-triene-16,17-imide (5) (STX 187) 
Following the hydrogenation conditions (see 1-4), a suspension of 10 (350 mg, 899 umol) 
and Pd-C (1 0%, 1 00 mg) in MeOH/THF 1:1 (50 mL) was hydrogenated for 5 hours to 
give 5 as a white solid (246 mg, 91%). An analytical sample was recrystallized from 

20 CHCl3/Hexane 2:1 to give white crystals: mp 297-300°C; TLC (chloroform/acetone, 8:2) 
IV 0.39 ef. IV 0.58 (10); IR (KBr) 3410 (OH), 31 80-3085 Carom CH), 2955-2870 (aliph 
CH), 1715 (C=0), 1680 (C=0), 1615-1500 (arom C=C) cm" 1 ; 5h (DMSO-dfe 400 MHz) 
1.09 (3H,s, C-I 8-H3), 1.15-2.66 (11H, m), 2169-2.73 (2H, m, C-6-H 2 ), 6.44 (1H, d, Jb-2- 
h.Oi-h-2.7 Hz, C-4-H), 6,52 (1H, dd, Jc-i4tc-2-H = 8:4 Hz arid = 2 r 7Hz, Ct2- 

25 H), 7.07 (1H, d, Jc-2-h,c-i-h - 8.6 Hz, C-l-H), 9.05 (Hi, s, exchanged with D2O, OH) and 
10.63 (IH, s, exchanged with D2O, NH); 8c (DMSO-d 6 , 100.4 MHz)' 16,21 (q, C-18), 
25.17 (t), 25.38 (t), 29.19 (t), 32.40 (t), 32.77 (t), 38,00 (d), 40.36 (d), 40.53 (s, C-13), 
41.45 (d); 112.74 (d), 114.51 (d), 125.88 (d>, 129.48 (s), 136.71 (s),. 154.81 (s, C-3), 
172.16 (s, 00) and 178.97 (s, C=0); MS m/z (FAB+) 453.1 [17, (M+H+NBA)*], 300.0 

30 [100, (M+H) 4 ], 213.1 [16], 159.1 [20], 133.0 [29], 111.1 [36], 97.1 [60]; MS m/z (FAB-) 
605.4 [20 v (M+2NBA)"], 451.3 [58, (M-H+N$A)-], . 298.2 [lOOj (M-H)*], 276.1 [21], 
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188.1 [25], 139.1 [19]; Acc MS m/z (FAB+) 300.15853, dsHziNO-j requires 300.15997. . 
HPLC (methanol/water, 60:40; ^ = 279.3 nm) Rt = 3.06 min, 100%. Found: G, 61.80; 
H, 5.85; N, 3.86. CisHbiNOa r+ (CHCl 3 )i/2 requires: C, 6^88; H, 6.04; 3.90. 

5 3-Hydroxy-JV-methyl-1647-seco-estra-^^ 

Following the hydrogenation conditions (see VI-1-4), a suspension of 11 (400 mg, 992 
umol) and Pd-C (10%, 200 mg) in MeOH/THF 2: 1 (30 mL) was hydrogenated for 2 hours 
to give 22 as a white solid (253 mg, 81%). An analytical sample Was recrystallized from 
ethyl acetate to give White crystals: mp 328-33 0°C; IR (KBr) 3460 (OH), 2940-2860 

10 (aliph CH), 1715 (OO), 1655 (C=0), 1610-1510 (arom C=C) cm' 1 ; Sh (DMSO-dg, 4Q0 
MHz) 1.09 (3H, s, C-I8-H3), 1.19-2.97 (11H, m), 2.68-2.73 (2H, m, C-6-H2), 2.98 (3H, s, 
N-CH 3 ), 6.44 (1H, d, JozajtM = 2:3 Hz, C-4-H), 6.52 (1H, dd, Jc-i-h.g-2-h = 8.4 Hz and 
Jc4-h,o-2-h - 2 3 Hz, C-2-H), 7.06 (1H, d, Jc-2-h,ci-h - 8.6 Hz, C-l-H) and 9.05 (1H, s, 
exchanged with D 2 0, OH); 5c (DMSO-dg, 100.4 MHz) a 16.32 (q> C-18), 25.19 (t), 26.37 

15 (q, C-1'), 29.11 (t), 32.78 (t), 33.55 (2xt), 37.83 (d), 40.90 (d), 41.86 (d), 112.71 (d>, 
114.50 (d), 125.81 (d), 129.40 (s), 136.68 (s), 154.80 (s, C-3), 171.35 (s, OO) and 
178 24 (s, C=0); MS m/z (F AB+) 314,1 [78, (M+H) 4 ], 97.1 [100]; Acc MS m/z (FAB+) 
314.17487, C19H24NO3 requires 314.17562. HPLC (methanol/water, 70:30; Xmax = 279.3 
nm) Rt = 3.24 min, 100%. Found: C, 72.60; H, 7. 16; N, 4.35. C19H23NO3 requires: C, 

20 72.82; H, 7.40; N, 4.47. 

*CM3 signal is hidden Under the solvent peaks 

3-Hydroxy-JNT-ethyl-16,17-seco-estra^ (23) (STX 275) 

Following the hydrogenation conditions (see VI-1^5), a suspension of 12 (470 mg, 1.13 

25 mmol) and Pd-C (10%, 200 mg) in MeOH/THF 2:1 (30 mL) was hydrogenated for 4.5 
. hours to give 23 as a white solid (183 mg, 5Q%).This ; was washed in acetone to give a 
white powder (121 mg, 33%): mp 306-308°C; IR (KBr) 3450 (OH), 2915-2860 (aliph, 
CH), 1715 (OO), 1655 (OO), 1610-1505 (arom OC) cm' 1 ; 6h (CDC1 3 , 40Q MHz) 1.11 
(3H,t, .7=7.0 Hz, C-2'-H 3 ), 1.16 (3H, s, C-I8-H3), 1.22-2.98 (1 1H, m), 2.81-2.87 (2H,m, 

30 C-6-H2 ), 3.82 X2H, m, N-CH 2 ), 4.62 (1H, s, exchanged with D2O, OH),, 6.57 (1H, d, J02- 
^ = 2.7 Hz, C-4-H), 6.66 (1H, dd, Jc-i-h.c-2-h = 8.6 Hz and Jc-wj.c-2-h = 2.7 Hz, C-2- 
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H) and 7.17 (1H, d, Jc-2-h,c-i-h = 8-6 Hz, C-l-H); MS m/z (FAB+) 328.2 [100, (M+H) 4 ], 
481.2 [13, (M+H+NBA) 4 ]; Acc MS m/z (FAB+) 328.19062, C20H26NO3 requires 
328.19127. HPLC (methanol/water, 90:10; r k msoc . = 2,59.2 nm) Rt = 3.90 min, 100%. 
Found: C, 72.90; H, 7.68; N, 4.09. C20H25NO3 requires: C, 73.37; H, 7.70; N, 4.28. 
5 (slightly out) 

3-Hydroxy-iV-propyl-1647-seco-^ (24) (STX 189) 

Following the hydrogenation conditions (see VI- 1-5), a suspension of 13 (400 rng, 927 
umol) and Pd-G(10%, 100 mg) in MeOH/THF 2:1 (30 mL) was hydrogenated for 3 hours 

10 to give 24 as a white solid (256 mg, 81%). An analytical sample was recrystallized from 
. methanol to give colourless crystals: mp 183-186°C; IR (KBr) 3445 (OH), 3050 (arom 
GH), 2940-2860 (aiiph CH), 1725 (C=0), 1655 (OO); 1585-1500 (arom C=C) cm* 1 ; 5h 
(CDCI3, 400 MHz) 0.90 (3H, t, J= 7.4 Hz, C-3'-H 3 ), 1.17 (3H, s, C-I8-H3), 1.30-2.98 
(13H, m), 2.82-2.86 (2H, m, C-6-H2), 3.64-3.80 (2H, m, N-CHfe), 4.73 (1H, s, exchanged 

15 with in©, OH) y 6.58 (1H, d, Jc-2-h.cm-h = 2.7 Hz, C-4-H), 6.66 (1H, dd, Jc-i-h,g-2-h ^ 8.6 
Hz and Jcm-h,c-2-h - 2.7 Hz, C-2-H) and 7.17 (1H, d, Jo-a-ae-i-H - 8.6 Hz, C-l-H); 5c 
(GDGI3, 100.4 MHz) 1 1 43 (q, C-3'), 16,64 (q, C-18), 21.29 (t), 25.62 (d), 25.76 (t), 29.56 
(t), 33.65 (t), 33.75 (t), 38.66 (d), 40.32 (d), 41.51 (s, C-13), 41,63 (t, C-l'), 42.48 (d), 
112.97 (d), 114.98 (d), 126.30 (d), 131.15 (s), 137.39 (s), 153.66 (s, C-3), 171.76 (s, C=0) 

20 and 178.59 (s, C=0); MS m/z (FAB+) 3423 [100, (M+H) 4 ], 133.2 [17], 1 11.2 [23], 97,2 
[45]; MS m/z (FAB-) 494.4 [43, (M+NBA)"], 340.3 [100, (M-H)~|; Acc MS m/z (FAB+) 
342.20756, C21H211NO3 requires 342.20692. HPLC (methanol/Water, 7030; JWnax = 279.3 
nm) Rt = 6.55 min, 100%. Found: C, 73.90; H, 7.98; N, 4.20. C 2 iH«N0 3 requires: C, 
73.87; H, 7.97; N, 4.10. 

25 ■ ■ • 

3-Hydro^-iV-butyl-1647-seco-estra-13^(10)-triene-1647-imide (25) (STX 277) 
Following the hydrogenation conditions (see VT-1-5), a suspension of 14 (480 mg, 1.08 
mmol) and Pd-G (10%, 200 mg) in MeOH/THF 2:1 (30 mL) was hydrogenated for 2 
hours to give 25 as a white solid (361 mg, 94%). This was Crystallized from methanol 
30 to give colourless needles (193 mg, 50%) and a former crop of the product (49 mg) was 
obtained from the residue of the mother liquor upon recrystallization from methanol 
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(overall yield 63%): mp 212-214°C; IR (KBr) 3445 (OH), 2940-2870 (aliph CH), 1715 
(C=0), 1655 (C=0), 1585-1500 (arom C=C) cm" 1 ; 6 H (CDC1 3> 400 MHz) 0.92 (3H, m, C- 
4'-H 3 ), 1.16 (3H, s, C-I8-H3), 1-26-2.99 (15H, m), 2.81^.88 (2H, m, C-6*fe), 3.75 (2H, 
ni, N-CH 2 ), 4,75 (1H, s, exchanged with D 2 0, OH), 6.58 (1H, d, Jc-2.h,o4-h = 2.7 Hz, C-4- 
5 H), 6.66 (1H, dd, Jc-i-h.c-2-h = 8.6 Hz and - 2.7 Hz, C-2-H) and 7.17 (1H, d, Jb- 

2-h.oi-h = 8.6 Hz, C-l-H); 5 C (CDCI3, 100.4 MHz) 13.76 (q, C-4'), 16.49 (q, C-18), 20.15 
(t), 25.51 (t), 25.66 (t), 29.43 (t), 30.01 (t), 33.54 (t), 33.66 (t), 38.57 (d), 39.83 (t, C-l'), 
40:24 (d), 41.39 (s, C-13), 42.37 (d), 112.86 (d), 114.86 (d), 126.16 (d), 131.08 (s), 
137.26 (s), 153.54 (s, C-3), 171.54 (s, OO) and 178.40 (s, OO); MS m/z (FAB+) 509.3 
10 [5, (M+H+NBA) 4 ], 356.2 [100, (M+H) 4 ]; MS m/z (FAB-) 508.2 [35, (M+NBA)"], 354.2 
[100, (M-H)"]; Acc MS m/z (FAB+) 356.22247, C22H30NO3 requires 356.22257: HPLC 
(methanol/water, 9.0:10; A™* = 259.2 nm) Rt = 3.90 mini 100%. . Found: C, 74.20; H, 
8.21;N, 3.88i C22H2>N03 requires: C, 74;33; H, 8.22; N, 3.94. 

15 3-Hydroxy-JV-pentyl-16,17-seco-esto^ (26) (STX190) 

Following the hydrogenation conditions (see VI- 1-5), a suspension of 15 (520 rug, 1.13 . 
mmol) and Pd-C (10%, 100 mg) in MeOH/THF 2:1 (30 mL) was hydrogenated for 3 
hours to give 26 as a white soUd (347 m& 83%). An analytical sample was recrystatiized 
from methanol to give white crystals: mp 181-184°C; IR (KBr) 3445 (OH), 2955-2870 
20 (aliph CH), 1715 (C=G), 1660 (CO), 1610-1505 (arom OC) cm 1 ; 8h (CDGI3, 400 
MHz) 0.89 (3Hi t, .7^ 7.4 Hz, C-S'-Ha), 1.16 (3I£ s, C-I8-H3); 1:20-2.98 (17^ m), 281- 
2.86 (2H, m, C^H 2 > 3.65-3.82 (2H, m, N-CH 2 ), 4.77-4.79 (1H, m, exchanged with 
DiO, OH)i6.58 (1H, d, Jc-2-ha+h = 2,7 Hz, C-4-H), 6.65 (1H, dd, Jc^-h,c.2-h = 8.2 Hz 
and J(m-h,c-2-h = 2.7 Hz, C-2-H) and 7.17 (1H, d, Jc-2-h,c-i-h 8.2 Hz, C-l-H); &£ (CDCI3, 
25 100.4 MHz) 14.10 (q, C-5'), 16.63 (q, C-18), 22.46 (t), 25.64 (t), 25.77 (t), 27.71 (t), 
29.15 (t), 29.75 (t), 33.66 (t), 33.76 (t), 38.67 (d), 40,16 (t, C-l?), 40.32 <d), 41.50 (s, C- 
13), 42 : 49 (d), 112.97 (d), 114.98 (d), 126.31 (d), 131.19 (s), 137.40 (s), 153.65 (s, C-3), 
171 .67 (s, OO) and 178.52 (s, OO); MS m/z (FAB+) 7394 [50, (2M+H) 4 ], 523.0 [20, 
(M+H+NBA) 4 ], 370.1 [100, (M+H) 4 ], 97.0 [15]; MS m/z (FAB-) 737.6 [20, (2M-H)-], 
30 675.4 [8, (M+2NBA)-], 522.4 [30, (M+NBA)"], 3683 [100, (M-H)"]; Acc MS m/z (FAB+) 
370.23940, C23H32NO3 requires 370.23822. HPLC (methanpl/water, 80:20; - 279.3 
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nm) Rt = 5.42 min, 100%. Found: C, 74.90; H, 8.38; N, 3.73. C23H 31 N0 3 requires: C, 
74,96; H, 8.46; N, 3.79. 

3-HydroxyrAr-hexyl-1647-seco-estra43,5(10)-triene-1647-imide (27) (STX 276) 
Following the hydrogenation conditions (see VI-1-5), a suspension of 16 (540 mg, 1.14 
mmol) and Pd-C (10%, 200 mg) in MeOH/THF 2:1 (45 mL) was hydrogenated for 3 
hours to give 27 as a white solid (384 mg, 88%). This was recrystallized from methanol 
to give white crystals (218 mg, 50%) and a further crop of the product (45. mg) Was 
obtained from the residue of the mother liquor upon reaystallization from methanol 
(overall yield 60%): mp 157-159°C; JR (KBr) 3435 (OH), 2930-2865 (aliph CH), 1715 
(C=0), 1660 (C=0), 1585-1500 (arom C=C) cm 1 ; 8 H (CDC1 3 , 400 MHz) 0.87 (3H, t, J= 
6.8 Hz, C-6»-H 3 ), 1.16 (3H, s, C-I8-H3), 1.23^2.98 (19H, m), 2.8ir2.87 (2H, m,C-6-H 2 ), 
3,74 (2H, m, N-CH2), 4.68 (1H, s> exchanged with D 2 0, OH), 6.58 (1H, d, Jc-2-h,c-4-h = 
2.3 Hz, C-4-H), 6.66 (1H, dd, Jc-i.h,c.2.h = 8.2 Hz and Jc-4-h,c-2-h - 2.7 Hz, C-2-H) and 
7.17 (lH^ d, Jg-2-h,ci-h - 8.6 Hz, C-l-H); 5c (CDCfe; 1 00.4 MHz) 14.00 (q> C-6'), 16.48 
(q,C-18), 22,48 (t), 25.46 (t), 25,59 (t), 26.53 (t), 27.82 (t), 29.41 (t), 31.39 (t), 33.49 (t), 
33.58 (t), 38.48 (d), 40.06 (t, C-l>), 40.12 (d), 41.33 (s, C-13), 42.31 (d), 112.81 (d), 
114.82 (d), 126.16 (d), 130.98 (s), 137.23 (s), 153.48 (s, C-3), 171.58- (s, 0=O) and 
178.40 (s, C=0); MS m/z (FAB+) 767.6 [48, (2M+H) 4 ], 384.3 [1Q0, (M+Hft; MS m/z 
(FAB-) 765.5 [8, (2M-HT], 536.3 [10, (M+NBA)"], 382.2 [100, (M-H)"]; Acc MS m/z 
(FAB*) 384.25350,; G24H34NO3 requires 384,25387. HPLC (methanol/Water, 90:10; 
= 2592 nm) Rt = 3.90 min, 100%. Found: C, 75.40; H, 8.65; N, 3,71. CirfftsNOa 
requires: Q 75.16; H, 8.67; N, 3.65. 

3-Hydn>xy-iV^hromobutyI-16^ 

Following the hydrogenation conditions (see VI-1-5), a suspension of 17 (210 mg, 381 
umol) and Pd-C (10%, 100 mg) in MeOH/THF 2:1 (30 mL) was hydrogenated for 2 hours 
to give 28 as a white solid (146 mg, 84%). This was recrystallized from methanol to give 
white crystals (98 mg, 57%): mp 165-167°C; IR (KBr) 3450 (OH), 2910-2860 (aliph CH); 
1715 (0=0), 1660 (C=0), 1610-1505 (arom C=C) cm 1 ; 5 H (CDC1 3 , 400 MHz) 1.18 (3H, 
s, CM&-H3), 1.29-3.01 (15H, m), 2.82-2,88 (2H|m, C-fr-H 2 ), 3.42 ^H, t, V== 6.6 Hz, 
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CH2Br), 3.72-3.87 (2H, m, N-CH 2 ), 4.63 (1H, s, exchanged with D 2 0, OH), 6:58 (1H, d, 
Jc-2-h,04-h = 2.3 Hz, C-4-H), 6.66 (1H, dd, J C -i-h,c-2-h = 8.4 Hz and Jc-4-h,c-2-h = 2.3 Hz, 
C-2-H) and 7.17 (1H, d, Jc-2-h.c-i-h = 8.6 Hz, C-l-H);.^ (DMSO-d* 100.4 MHz) 17.01 
(q, C-18), 25.92 (t), 26.09 (t), 27.11 (t), 29.87 (t), 30.51 (t), 33.47 (t), 33,94 (t), 34.06 (t), 
5 38.96 (d), 39.38 (t, C-V), 40.62 (d), 41.86 (s, C-13), 42.80 (d), 113.29 (d), 115.28 (d), 
126.62 (d), 131.53 (s), 137,73 (s), 153.87 (s, C-3), 171.93 (s, OO) and' 178.81 (s, OO); 
MS m/z (FAB+) 869.2 [64], 587.1 [46, (M+H+NBA)^, 434.1 [100, (M+H) 4 ]; Acc MS 
m/z (FAB+) 436.12874, C&H^BiNQi requires 436.13103 and 434.12822, 
C22H29B1NO3 requires 434.13308. HPLC (methanol/water, 70:30; = 279.3 nm) Rt = 
10 7.73 min, 98.3%. Found: C, 61.30; H, 6.60; N, 3.17. C^jBrNOa requires: G, 60.83; H, 
6.50; N, 3.22. 

3-HydroxyrAr-cyclopropylmethyI-lM^ (29) 
(STX278) 

15 Following the hydrogenation conditions (see VI-1-5), a suspension of 18 (500 mg, 1.13 
mmol) and Pd-C (10%, 200 mg) in MeOH/THF 2:1 (45 mL) was hydrogenated for 2.5 
hours to give 29 as a white solid (356 mg, 89%). This was recrystallized from methanol 
to give colourless crystals (181 mg, 45%) and a further crop of the product (73 mg) was 
obtained from the residue of the mother liquor upon recrystallization from methanol 

20 (overall yield 64%): mp 238-240°C; IR (KBr) 3440 (OH), 2940-2865 (aliph CH), 1715 
(C=0), 1655 (C=0), 1610-1505 (arom OC) cm: 1 ; (CDCfe, 400 MHz) 0.29-0.34 (2H, 
in, C-3'-H2), 0.40^0.45 (2H, m, C-4'-H 2 ), 1.13 (1H, m, C-2^H), 1,19 (31^ s, C-I8-H3), 
1.30-3.02 (11H, m), 2.82-2.89 (2H, m, C-6-H 2 ), 3.66 (2H, m, N-CH 2 ); 4.7G (1H, s, 
exchanged with E^O, OH), 6.58 (1H, d, Jc- 2 .h,<>4-h » 2.7 Hz, C-4-H), 6.66 (1H, dd, Je-i- 

25 H.&2JI = 8.2 Hz and Jo4-h,c^-h = 2.7 Hz, C-2-H) and 7.17 (1H, d, Jc-2-h,cm41 = 8.6 Hz, C- 
1-H); 8c (GDCI3, 100.4 MHz) 3.95 & C-3'), 4.03 (t, C-4'), 10.51 (d, C-2'), 16.95 (q, C- 
18), 25.97 (t), 26.10 (t), 29.88 (f), 31.10 (t), 34.00 (t), 39.05 (d), 40.62 (d), 41.88 (s, C- 
13), 42.81 (d), 44.65 (t, C-l'), 11330 (d), 115,31 (d), 126.61 (d), 131.56 (s), 137.73 (s), 
153.96 (s, C-3), 172.21 (s, OO) and 179,10 (s,- OO);' MS m/z (FAB+) 707.3 [29, 

30 (2M+H) 4 ], 507.1 [72, (M+H+NBA) 4 ], 354.1 [100, (M+H) 4 ]; MS m/z (FAB-) 6583 [13, 
(M-H+2NBA)!, 505.2 [32, (M-H+NBA)], 352.1 [100, (M-H)1; Acc MS m/z (FAB+) 
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354-20686, C22H2SNO3 requires 354.20692. HPLC (methanol/water, 90:10; X. max = 259.2 
nm) Rt = 3.90 min, 100%. Found: C,; H,; N,. C22H27NO3 requires: C, 74.76; H, 7.70; N, 
3.96. - . . 

3-Hydro^AT-(3-picoryI)-16,17-s^ (30) (STX 234) 

Following the hydrogenation conditions (see VI-1-5), a suspension of 19 (190 mg, 395 
umol) and Pd-C (10%, 100 mg) in MeOH/THF 2:1 (30 mL) was hydrogenated for- 20 
hours to give 30 as a creamy solid (141 mg, 91%). An analytical sample was precipitated 
from ethyl acetate to give a white powder: mp; IR (KBr) 3380 (OH), 2940-2865 (aliph 
CH), 1720 (C=0), 1670 (OO), 1610-1500 (arom C=C) cm -1 ; 5 H (DMSO-dg, 400 MHz) 
1.11 (3H, s, C-I8-H3), 1.14-2.94 (IlH, m), 2.67-2,75 (2H, m, C-6-H 2 ), 4;82 (1H> d, Jba " 
14.8 Hz, N-CH^Hb), 4,87 (1H, d, Jab = 14.8 Hz, N-CHaHb), 6.44 (1H, d, Jb-a^c^H = 2.3 
Hz, C-4-H), 6.52 (1H, dd, Jo-moa* = 8.4 Hz and Jc^cz-n = 2.3 Hz, C-2-H), 7.07 (1H, 
d, Jc-2-h,<m-h = 8.6 Hz, C-l-H), 7.33 (1H, dd, Jc-3»-h, c-4--h = 7.8 Hz, Jc-5"-h» cm--h = 4.7 
Hz, C-4"-H), 7.59 (1H, m, C-3"-H), 8.42-8.47 (2H, in, C-l"-H and C-5"-H) and 9.05 
(1H, s, exchanged with D2O, OH); MS m/z (FAB*) 544.3 [6, (M+H+r^BA)^ 391.2 [88, 
(M+H) 4 ], 273.1 [18], 156.1 [40], 135.1 [46], 119.1 [48], 95.1 [70]; MS m/z (FAB-) 542.3 
[50, (M-H+NBAH, 389.3 [100, (M-H)"], 276.1 [43], 258.1 [37], 195.1 [42], 124.1 [34], 
92.0 [27] Acc MS m/z (FAB+) 391.201 90, C24H27N2O3 requires 391 ,20217. 

3^Hydro3^-iV-/ert-bu<yl-benzyl -1647-seco-estwrl^^(10)-triehe-16,i7^iinide (31) 
(SIX 279) 

Following the hydrogenation conditions (see VI-1-5), a suspension of 20 (620 mg,1.16 
mmol) and Pd-C (10%, 200 mg) in MeOH/THF 2:1 (30 mL) was hydtogenated for 5 
hours to give 31 as a creamy solid (550 mg). This was recrystallized from methanol to 
give white flaky crystals (417 mg, 81%) and a further crop of the product (31 mg) was 
obtained from the residue of the mother liquor upon recrystallization from methanol 
(overall yield 87%): mp 128-130°C; JR. (KBr) 3415 (OH), 2955-2870 (aliph CH), 1725 
(OO), 1655 (CO), 1610-1505 (arom C=C) cm" 1 ; &h (CDCI3, 400 MHz) 1.16 (3H, s, C- 
I8-H3), 1.28 (9H, s, C(CH 3 )3), 130-3.02 (15H, m), 2:81-2.87 (2H, m, C-6-H2X 4.77 (1H> 
s, exchanged withl^O, OH), 4.88 (1H, d, Jba - 14.0 Hz, N-CHaH b ), 4.95 (IH, d, , Jab = 
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14.0 Hz, N-CHaH^), 6.57 (1H, d, Jc-2-h,c-4-h = 2.7 Hz, C-4-H), 6.65 (1H, dd, Jci-kcz* = 
8.2 Hz and Jc-4-h,c-2-h = 2.7 Hz, C-2-H), 7.16 (1H, d, Jc-2-h,c-i-h = 8.6 Hz, C-l-H) and 
7.24-7.32 (4H, m, C-2"-H, C-3"-H, C-5"-H and C-6"-^; 8 C (CDC1 3 , 100.4 MHz) 16.93 
(q, C-18), 25.94 (t), 26.07 (t), 29.88 (t), 31.74 (3xq, C(CH 3 )3), 33.99 (t), 34.07 (t), 34.87 

5 (s, C(CH 3 )3), 38.96 (d), 40.44 (d), 41 .90 (s, C-13), 42.76 (d), 43.27 (t, C-l >), 1 13.30 (d), 
115.30 (d), 125.55 (2xd), 126.64 (d), 128.35 (2xd), 131.45 (s), 134.44 (s), 137.71 (s), 
150.30 (s), 153.95 (s, C-3), 172.01 (s, CO) and 178.85 (s; 0=0); MS m/z (FAB+) 891.4 
[80, (2M+H) 4 !, 599.2 [35, (M+H+NBA)*], 446.2 [100, (M+H) 4 ]; MS m/z (FAB-) 889.5 
[42, (2M-H)"], 751.4 [87, (M+2NBA)"], 5983 [30, (M+NBA)"], 444.2 [100, (M-H)l; Acc 

10 MS m/z (FAB+) 445.26176, C 2 9H 3S N0 3 requires 354.20692. HPLC (methanol/water, 
90:10; W = 259.2 nm) Rt = 3.90 min, 100%. Found: C,; H,; N,. C22H27NO3 requires: 
C, 74.76; H, 7,70; N, 3.96. 

3-Hydroxy-iV-beiizyl-16,17-sec^^ 
15 Following the hydrogenation' conditions (see VI-1-5), a suspension of 21 (230 mg, 479 
umol) and Pd-C (10%, 1 00 mg) in MeOH/THF 2:1 (30 mL) was hydrogenated for 2 hours 
to give 32 as a white solid (170 mg, 91%). This was washed with boiling MeOH to give a 
, white precipitate (122 mg, 65%) : mp 298-30I°C;IR (KBr) 3430 (OH), 2950r2890 (aUph 
CH), 1720 (CO), 1655 (OK)), 1610-1505 (arom 0=C) cm" 1 ; Sh (DMSOrdg, 400 MHz). 
20 1.12 (3H, s, C-I8-H3), 1.18-2.92 (11H, m), 2.68-2.75 (2H, m, C-6-H2), 4.79 (IH^Jba^ 
14.8 Hz, N-GH^Hb), 4.85 (lH, d, Jab = 14:8 Hz, N-CHaHj), 6.45 (1H, d, Jcz^c^h = 2.3 
Hz, C-4-H), 6.53 (1H, dd, Jc.i-h.c-2-h = 8.4 Hz and Jc-4-h,c-2-h - 2.3 Hz* C-2-H), 7.07 (H4 
d, Jc-2-H,c-i4i = 8 6 % C-l-H), 7A7-7.32 (5H, m, C^Hs) and 9.05 (1H, s, exchanged with 
D^O, OH); 5c (DMSO-de, 100,4 MHz)* 16.27 (q, C-18), 25.16 (2xt), 29.12 (t), 32.88 (t), 
25 33.46 (t), 37.96 (d), 40.98 (s, C-13), 41.75 (d), 42.30 (t, C-l'), 112.72 (d), 114.51 (d), 
125.82 (d), 126.63 (d), 126.84 (2xd), 128.08 (2xd), 129.41 (s), 136.69 (s), 137.36 (s), 
• 154.81 (s, C-3), 172.21 (s, CO) and 177.97 (s, OO); MS m/z (FAB+) 390.3 [30, 
(M+H)*], 133.2 [43], 111.2 [57], 97.2 [100], 80.1 [23]; Ace MS m/z (FAB+) 390.20622, 
CisHzgNOs requires 390.20692. HPLC (methanol/water, 90:10; Kv* - 259.2 nm) Rt = 
30 3.90 min, 100%. Found: C,75. 60; H, 7.01; N, 3:34. C25H27N03+(H20)i/2 requires: C, 
7535; H, 7.08; H 3.51. 



WO 03/033518 



PCT/GB02/04686 



121 

b one doublet hidden under solvent peaks 

2 - 4 - Synthesis of the N-allyl derivatives 

5 3-te#*-butyl-dimethyIsayl-16,17-se^^ 

To a stirred solution of 5 (350 mg, 1.17 mmol) in DMF (20 mL) at room temperature 
under N 2 was added imidazole (96 mg, 1.40 mmol) and rerf-butyl-dimethylsilyl chloride 
(194 mg, 1.29 mmol). The reaction mixture was stirred at room temperature under N 2 for 
. 2 hours and another 2 eq. of imidazole and TBDMSC1 were added to enable completion 
10 of the reaction after another 2 hours at room temperature. The mixture was then poured 
into water (150 mL) and the resulting solution was extracted with ethyl acetate (1 50 mL). 
The organic layer was separated, washed with H 2 0 (4x80 mL), dried <Mgs6 4 ), filtered 
and concentrated under reduced pressure. The white solid obtained was recrystallized 
from EtOH/HfeO to give 33 as white crystals (336 mg, 70%) and a further crop of the 
15 product (40 mg) was obtained from the residue of the mother liquor upon recrystallization 
from EtOHZHfeO (overall yield 78%) : mp 261-264°C; TLC (chloroform/acetone, 8:2) By 
0.65 cf. R/ 0.40 (5); JR (KBr) 3210 (NH), 3090 (arom CH), 2950-2860 (aliph CH), 1730 
(OO), 1680 COO), 1610-1500 (arom C=C) cm" 1 ; 5h (CDC1 3 , 400 MHz) 0 19 (6H, s, 
Si(CH 3 )2), 0.97 (9H, s, C(CH 3 )3), 1.23 (3H, s, C-I8-H3), 131-2.96 (11H, m), 2.80-2.87 
20 (2H, m, C-6-H 2 ), 6.57 (1H, d, Jb-2-H.c^H - 2.3 Hz, C-4-H), 6.64 (1H, dd, Jc-i-h.c-24! = 8.6 
* S # Jc +*>e** = 2 - 7 Hz> C-2-H), 7. 13 (1H, d, /c-mvm-h = 8.6 Hz, C-l-H) and 7.72 
(1H, s, exchanged with DzO, NH); 8 C (CDC1 3 , 100.4 MHz) -4.23 (2xq, Si(CH 3 )2), 16.55 
; (q^ C-18), J8.28 (s, C(CH 3 )3), 25.37 (t), 25.78 (3xq, C^H,^), 26.06 (t), 29.55 (t), 32.84 
■ (t), 32,92 (t), 38.55 (d), 41.22 (s, C-13), 41.61 (d), 42.67 (d), 117.50 (d), 119.67 (d), 
25 125.97 (d), 131.52 (s), 136.92 (s), 153.53 (s, C-3), 171.61 (s, OO) and 178.36 (s, C=0); 
: MS m/z (FAB+) 827.6 [50, (2M+H)1, 414.2 [100, (M+H)*], 356.2 [45, (M-CfCH^) 4 ], 
72.9 [50]; MS m/z (FAB-) 719.4 [10, (M+2NBA)"], 565.3 [24, (M-H+NBA)^, 412.2 [100, 
(M-Hfl; Acc MS m/z (FAB+) 414.24527, C^eNOjSi requires 414.24645. HPLC 
(methanplAvater, 90:10; W = 259.2 nm) Rt = 3.90 min, 100%. Found: C, 69.60; H, 
30 8.46; N, 3.40. C^sNOsSi requires: C, 69.69; H, 8.53; N, 3.39. 
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3-/erf-butyl-dimethykilyl^ 

Following the alkylation conditions (see VI-1-3), 33 (300 mg, 725 umol) was treated 
with NaH (35 mg, 870 umol) and the subsequent reaction with - allyl bromide (126 uL, 
1.45 mmol) was complete within 7 hours. Fractionation of the crude product that 

5 obtained by flash chromatography with chloroform as eluent gave 34 as a creamy oil (302 
mg, 92%): TLC (chloroform/acetone, 8:2) R> 0.86 cf. R/ 0.66 (33); IR (KBr) 2930-2860 
(atiph CH), 1725 (OO), 1676 (C=0), 1610-1500 (arom C=C) W; 5h (CDC1 3 , 400 
MHz) 0.19 (6H, s, Si(CH3)2), 0.98 (9H, s, C(CH 3 )3), 1.19 (3H, s, C-I8-H3), 1.29-3.02 
(11H, m), 2.80-2.86 (2H, m, C-6-H2), 4.37 (2H, m, N-CH 2 ), 5.16 (2H, m, C-3'-H 2 ), 5.80 ' 

10 (1H, m, C-2'-H), 6.56 (1H, d, Jc-2-h.cm-h = 2.7 Hz, C-4-H), 6.64 (1H, dd, J<m-h,C2-h - 8.4 
Hz and Jc4-h,o-2-h = 2.7 Hz, C-2-H) and 7.13 (1H, d, Jc-2-H,c-i.H = 8.2 Hz, C-l-H); MS m/z 
<*AB+) 4543 [100, (M+H) 4 ], 396.2 [35, (M+H-G(CH 3 )3) 4 ], 72.9 [54]; MS m/z (FAB-) 
606.3 [32, (M+NBA)*], 452.2' [100, (M-H)"], 412.2 [56; (M-H-C3H4)-]; Ace MS m/z 
■ (FAB+) 454.27597, C^Hw^OsSi requires 454.27775. HPLC (methanol/water, 90:10; 

15 = 259.2 om) Rt - 3.90 min, 100%. CHN 

3-Hydro^-iV-allyl-16,I7-seco-estra-13^(10)-Mene-16,17-iinide (35) (SIX 274) 
Tetrabutyl ammonium fluoride hydrate (183 mg, 701 umol) was added to a stirred 
solution of 34 (265 mg, 584 umol) in anhydrous DMF (10 mL) at room temperature under 

20 an atmosphere of N2. the reaction mixture was stirred at room temperature for 2 hours 
and another 1.2 eq. of TBAF were added to enable completion Of the reaction. After 5 
hours; the mix was poured into water (40 mL) and the white precipitate formed was 
filtered, washed and air dried to give a white powder (172 mg, 87%). Purification of the 
crude product that obtained by recrystallization from ethyl acetate gave 35 as white 

25 crystals (101 mg, 51%) and a further crop of the product (13 mg) was obtained from the 
. residue of the mother liquor upon recrystallization from ethyl acetate (overall yield 58%): 
mp 147-149°C; TLC (chloroform/acetone, 8:2) R/0.63 cf. R/ 0.80 (34); IR (KBr) 3445 
(OH), 2920-2860 (aliph CH), 1720 (OO), 1660 (OO), 1610-1505 (arOm CMi) cm' 1 ; 5h 
(CDCI3, 400 MHz) 1.18 (3H, s, C-I8-H3), 1.30-3.02 (11H, m), 2.82-2.87 m, C-6-H2 

30 ), 4.37 (2H, ddt, VG-3.-H.0r-H = 1.4 Hz, 3 Jc-r-H.c-r-H = 5.5 Hz, Vc-r-nc-i'-H =14.8 Hz, N- 
CH 2 ), 4.72 (1H, s, exchanged with D2O, OH), 5.11-5.21 (2H, m, C-3VH 2 ), 5.80 (1H, m, 
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C-2'-H), 6.58 (1H, d, Jc-2-h,c-4-h = 2.7 Hz, C-4-H), 6.65 (1H, dd, ;/c-i-h,c-2-h = 8.4 Hz and 
Jb4-H,c-2-H = 2.7 Hz, C-2-H) and 7.17 (1H, d, Jc-2-h.c-i-h = 8.2 Hz, C-l-H); MS m/z 
(FAB+) 340.2 [100, (M+H) 4 ]; MS m/z (FAB-) 491.1 [5^, (M-H+NBA)"], 338.1 [100, (M- 
Hfl; Acc MS m/z (FAB+) 340.19159, QjiHtfNOs requires 340.19127. HPLC 
. 5. (methanol/water, 70:30; A. max - 279.3 nm) Rt = 3.91 min, 100%. Found: C, 73.90; H, 
7.37; N, 4.1 1. C 21 H2^0 5 requires: C, 74.31; H, 7.42; N, 4.13. . 

2 - 5 — Synthesis of the sulfamoylated parent compounds 

10 3^ulfamoyl-1647-seco-estra-13^(10)-triene^l647-imide (36).(STX2H) 

Following the sulfamoylation conditions (see VI-1-5), reaction of 5 (100 mg, 334 nmol) 
with sulfamdyl chloride in 1 mL DMA gave after 4 hours the crude product 36 (94 mg), 

? This was washed with boiling acetone and the insoluble white solid was filtered (56 mg, 
44 %): mp 242-244°C; TLG (chloroform/acetone, 9:1) 0.09 cf. R/0.17 (5); IR (KBr) 

15 3250 (NH2), 3090 (arom CH), 2940-2850 (aliph CH), 1690 (C=G), 1695 (0=0), 1640^ 
1560 (arom C=C), 1370 (SQz), 1170 (SOz) cm" 1 ; 8 H (DMSO-d 6 , 400 MHz) 1.10 (3H, s, 
C-18-H 3 ), 1.19-2.72 (11H, m), 2.81-2.85 (2H, m, C-6-H2), 6.98 (1H, d, Jfc-2«,o44i = 2.3 
Hz, C-4-H), 7.03 (1H, dd, Jc-i-h,c<2-h = 8.6 Hz and Jb4-H.c-2-H = 2-3 Hz, C-2-H), 7.38 (1H, 
d, Jc-2-h,c-i-h = 8:6 Hz, C-l-H), 7.91 (2H, s, exchanged with D2O, NH 2 ) and 10.65 (1H, s, 

20 exchanged with D2O, NH); 6c (DMSO-dg, 100.4 MHz) 16.18 (q, C-18), 24.97 (t), 25.03 
(t)i 29.05 (t), 3238 (t), 32.72 (t), 37.50 (d), 40.31 (d), 40.49 (s, G-13), 42.10 (d), 119.19 

5 (d), 121.46 (d), 126.43 (d), 137.54 (s), 137.62 (s), 147.82 (s, C-3), 172.11 (s, C=0) and 
178.87 (s, C=0); MS m/z (FAB+) 532.3 [23, (M+H+NBA)*], 379.3 [94, (M+H) 4 ], 157.2 
[32], 133.2 [56], 9X2 [100], 82,2 [28]; MS m/z (FAB-) 531.2 [37, (M+NBA)*], 377.2 

25 [100, (M-H)l, 78 [17]; Acc MS (FAB+) 379.13314, QsHoNiOsS requires 
379.13277. HPLC (methanol/water, 50:50; ^ = 2663 nm) Rt = 5.70 min, 100%. 
Found: C, 56.80; H, 5.83; N, 7.19, QsHqNiOsS requires: C, 57.13; H, 5.86; N, 7.40. 

3-Sulfamoyl-JV-melJiyl-16,17-^^ (STX212) 
30 Following the sulfamoylation conditions (see VI-l r 5), reaction of 22 (100 mg, 319 umol) 
with sulfamoyl chloride in 1 mL DMA gave after 3 hours the crude product 37 (102 mg). . 
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This was recrystallized from chloroform to give 37 as white crystals (60 mg, 48%) and- a 
further crop of the product (24 mg) was obtained from the residue of the mother liquor 
upon rectystailization from chloroform (overall yield s 67%): mp 219-222 O, IR (KBr) 
3300 (m.2% 3230 (NH 2 ), 3100 (arom CH), 2945-2865 (aliph CH), 1710 (CO), 1655 

5 (C=Q), 1605-1500 (arom C=C), 1390 (SG 2 ), 1 190 (SO2) cm' 1 ; 5h (CDC1 3 , 400 MHz) 1.18 
(3H, s, C-I8-H3), 132-3.02 (11H, m), 2.89-2.93 (2H, m, G-6-H2), 3.16 (3H, s, N-CH 3 ), 
4.85 (2H, s, exchanged with D2O, NH 2 ), 7.06 (1H, d, Jc.2-h.cm-h = 2.3 Hz, C-4-H), 7.11 
(1H, dd, Jc-i-h.c-2-h = 8.8 Hz and •/cm-h.c-i-h = 23 Hz, C-2-H) and 7.33 (1H, d, Jc- 2 -h,c-i-h 
= 8.2 Hz, C-l-H); MS m/z (FAB+) 546.0 [10, (M+H+NBA) 4 ], 393.0 [100, (M+H) 4 ], 

10 313.0 [12, (M+H-NHiSO,) 4 ], 165.0 [25], 133.0 [22], 109.0 [43], 81.0 [64, 
(SC-2NH2+H)*]; MS m/z (FAB-) 783.4 [9, 2M-H)r|, 545.3 [38, (M+NBA)-], 391.2 [100, 
(M-H)l, 78.0 [16]; Acc MS m/z (FAB+) 393.14718, CwHasNiOsS requires 393.14842. 
HPLC (methanol/water, 60:40; X*ax = 266.3 nm) Rt = 4.72 min, 100%. Found: C, 5830; 
H, 6.17; N, 7.19. C19H24N2O5S requires: C, 58.15; H, 6.16; N, 7.14. 

15 

3-SuIfamoylW-ethyI-16,17-seco-es^ (38) (STX 281) 

Following the sulfamoylation conditions (see VI-1-5), reaction of 23 (70 mg, 214 pmol) 
with sulfamoyl chloride in 1 mL DMA gave after 1.5 hours the crude product 38 (86 mg). • 
This was recrystallized from ethyl acetate/hexane 1:2 to give 38 as creamy crystals (72 

20 mg, 83%): mp 215-217°C; ffi. (KBr) 3415 (NH 2 ), 3305 (NH 2 ), 2970-2870 (aliph CH), 
1715 (G=0), 1665 (C=6), 1375 (SOa), 1 190 (SO2) ctf 1 ; 8 H (CDC1 3 , 400 MHz) 1 .11 (3H, 
t, J-7 0 Hz, C-2'-H 3 )i 1.17 (3H, s, C-I8-H3), 1.24-2.99 (1 1H, m), 2.88-2.95 (2H, m, C-6- 
H 2 ), 3.74-3.88 (2H, m, N-CHz), 4.89 (2H, s, exchanged with I^O, NH 2 ), 7.06 (1H, d, Jc-* 
a<>Mi «* 23 Hz, C-4-H), 7.12 (1H, dd, Jc-i-h,c- 2 -h = 8 4 Hz and Jcm-h^h - 2.5 Hz, C-2- 

25 H) and 7.33 (1H, d, Jc-^h.c-1-h - 8.6 Hz, C-l-H); MS m/z (FAB+) 813.2 [40, (2M+H) 4 ]; 
560.1 [70, (M+H+NBA) 1 !, 407.1 [100, (M+H)*]; MS m/z (FAB-) 811,4 [72, (2M-HT1 
7123 [47, (M+2NBA)"], 559.2 [30, (M+NBA)"], 405.1 [10O, (M-H)"]; Acc MS. m/z 
(FAB+) 407.16455, C 2 oH 27 N 2 0 5 S requires 407.16407. HPLC (methanol/water, 90:10; 
W = 259.2 nm) Rt = 3.90 min, 100%. Found: C,; H,; N,. QjoHftWsS requires: C, 

30 59.09; H, 6.45; N, 6.89. 
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3^ulfamoyI-iV-propyl-16,17-seco-estra-13,5(10)-triene-16,17-imiae (39) (STX 213) 
Following the sulfamoylation conditions (see VI-1-5X reaction of 24 (100 mg, 293 umol) 
with sulfamoyl chloride in 1 mL DMA gave after 6 hours the crude product 39 (156 mg). 
Fractionation of the crude product that obtained by flash chromatography with 
5 chloroform/acetone (95:5) as eluent gave 39 as a white residue (107 mg, 87%). An 
analytical sample was recrystallized from acetone/hexane (1:2) to give white crystals: mp 
202-204°C; IR (KBr) 3365 (NH 2 ), 3255 (NH 2 ), 3095 (arom CH), 2965-2880 (aliph CH), 
1710 (OO), 1660 (C=0), 1600-1500 (arom C=C), 1380 (SO2), 1180 (SCb) cm' 1 ; 8ft 
(CDCI3, 400 MHz) 0.90 (3H, t, J= 7.4 Hz, C-3'-H 3 ), 1.17 (3H, s, C-18-H 3 ), 1.32-3.00 

10 (13H, m), 2.88-2.93 (2H, m, C-6-H 2 ), 3.64-3.80 (2H, m, N-CH 2 ), 4.90 (2H, s, exchanged 
with D 2 0, NH 2 ), 7.06 (1H, d, Jb 2 -H,04-H = 2.3 Hz, C-4-H), 7. 11 (1H, dd, Jc-i-h,c-2-h = 8.6 
Hz and Jc^kcx-H = 2.7 Hz, C-2-H) and 7.33. (1H, d, J r &2 -H.ci*H = 8.2 Hz, C-l-H); MS m/z 
(FAB+) 574.0 [8, (M+H+NBA)^, 421.0 [100, (M+H)t), 341.0 [12, (M+H-NHzSOa) 4 ], 
109.0 [52], 97.0 [45], 81.0 [74, (SG 2 NH 2 +H) 4 J, 67.0 [60]; MS m/z (FAB-) 573.3 [34„ 

15 (M+NBA)"], 419.3 [100, (M-H)1 276.2 [10], 78 [16]; Acc MS m/z (FAB+) 421.18002, 
C 2l H29N 2 0 5 S requires 421.17972. HPLC (methanoi/water, 70:30; J^ax = 266:3 out) Rt = 
4.61 min, 100%. Found: C, 60.00; H, 6.60; N, 6.49. Ca^jOSfeOsS requires: G, 59.98; H, 
6.71; N, 6.66. 

20 S-Sulfamoyl-AT-butyl-ltf^ (40) (STX 283) 

Following me sulfamoylation conditions (see VI-1 -5), reaction of 25 (90 mg, 253 umol) 
With sulfamoyl chloride in 1 mL DMA gave after 1.5 hours the crude product 40 (109 
mg). The Crude product obtained was recrystallized from ac»tOne/hexane; 1:2 to give 40 
as white crystals (67 mg, 61%) and a further crop of the product (1 1 mg) was obtained 
25 from the residue of the mother liquor upon reciystallization from acetone/hexane 1:2 
(overaU yield 71%): mp 1 94-1 96°C; IR (KBr) 3335 (NH 2 ), 3250 (NH 2 ), 2940-2870 (aliph 
CH), 1710 (C=0), 1650 (C=0), 1385 (SOz), 1 190 (SQ0 cm 1 ; 6h (CDCI3, 400 MHz) 0.92 
(3H, t, J= 7.2 Hz, C-4'-H 3 ), 117 (3H, s, G-I8-H3), L25-2.99 (15H, m), 2,88-2,92 (2H, m, 
C-6-H2), 3.75 (2H, m, N-CH 2 ), 4.91 (2H, s, exchanged with DjO, NH 2 ), 7.06 (lH, d, Jfc.* 
30 h,<m-h * 2.3 Hz, C-4-H), 7.12 (1H, ddV/c-i;&c*H = 8.8 Hz and Jc^h.c-2-h ~ 2.3 Hz, C-2- 
H) and 7,34 (1H, d> Jc-2-h.c-i-h = 8.6 Hz, C-l-H); MS m/z (FAB+) 869.2 [78, QM^ 4 ], 



WO 03/033518 



PCT/GB02/04686 



126 

588.1 [78, (M+H+NBA)*], 435.1 [100, (M+H) 4 ]; MS m/z (FAB-) 587.2 [32, (M+NBA)"], 

433.2 [100, (M-H>"]; Acc MS m/z (FAB+) 435.19598, G22H 3 iN 2 0sS requires 435.19537. 
HPLC (methanol/water, 90:10; X max = 259.2.nm) Rt = 3^90 min, 100%. Found: C,; H,; 
N,. CMH30N2O5S requires: C, 60.81; H, 6.96; N, 6.45. 

5 

3-SuIfamoykW-pentyM6,17-seco-^ 

Following the sulfamoylation conditions (see VI-1-5), reaction of 26 (100 mg, 271 umol) 
with sulfamoyl chloride in 1 mL DMA gave after 3.5 hours the crude product 41 (120 
mg>: Fractionation of the crude product that obtained by flash chromatography with 

10 chloroform/acetone (95:5) as eluent gave 41 as a white foam (111 mg, 92%). An 
analytical sample was recrystallized from ethyl acetate/hexane (1:2) to give white crystals: 
mp 159-.161*C; IR (KBr) 3345, 3255 (NH 2 ), 3095 (arom CH), 2930:2870 (alph CH), 
1720 (G=0), 1655 (OO), 1600-1500 (arom C=C), 1385 (SOi), 1190 (SO2) cm'; ©h 
(CDCI3, 100 MHz) 0.89 (3H, t, J= 7.4 Hz, C-5%H 3 ), 1.17 (3H, s, C-I8-H3), 1.21-2.98 

15 (17H, m), 2.90-2.94 (2H, m, C-6-H 2 ), 3.66-3.81 (2H, s, N-CH 2 ), 4.94 (2H, s, exchanged 
with D2O, NH 2 ), 7.06 (1H, d, Jc-2-h.c-4-h = 2.7 Hz, C-4-H), 7.11 (1H, dd, Jc-i-h,C2-h = 8.6 
■ Hz and Jcm-h,c-2-h = 2.3 Hz, C-2-H) and 7.33 <1H, d, Jc-2-ne-i-H = 8.6 Hz, C-l-H); 8 C 
(CDCI3, 100.4 MHz) 13.95 (q, C-5'), 16.44 (q, C-18), 22.31 (t), 25.33 (2xt)i 27.54 (t), 
29.00 (t), 29.32 (t), 33.46 (t), 33.55 (t), 38.06 (d), 40.02 (t, C-l'), 40.19 (d), 41.24 (s, C- 

20 13), 42.52 (d), 119.02 (d), 121.59 (d), 126.47 (d), 137.98 (s), 138.13 (s), 147.82 (s, C-3), 
: 171,28 (s, OO) and 178.09 (s, G=0); MS m/z (FAB+) 602.0 [8, (M+H+NBA)*], 449.0 
[100, (M+HjTl, 369,1 [12, (M+H-NH 2 S0 2 ) + ], 133.0 [33], 111.0 [32], 97.0 [46]; MS m/z 
(FAB-) 601.4 [34* (M+NBA)"], 447.3 [100, (M-H)"], 276.2 [18]; Acc MS m/z (FAB+) 
449-21 109, C^s^OsS requires 449 21102. HPLC (methanol/water, 80:20; = 

25 266.3 nm) Rt = 3.70 min, 97.9%. Found: C, 61,70; H, 7.30; N, 6.22. CvR^OsS 
requires: C, 61.58; H, 7.19; N, 6.24. 

3-SuJfamoyWhexyl-1647-seco-est^ (42) (STX282) 

Following the sulfemoylation conditions (see VLl-5), reaction of 27 (130 mg, 339 umol) 
30 with sulfemoyl chloride in 2.5 mL DMA gave after 2 hours the crude product 42 (157 
mg). Fractionation of the crude product tiiat obtained, by flash chromatography with 
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chloroform/acetone (9:1) as eluent gave a white foam (127 mg, 81%). This was 
recrystallized from ethyl acetate/hexane 1:2 to give 42 as colourless crystals (77 mg, 
49%): mp 112-115°C; JR (KBr) 3310 (NH 2 ), 3190 (^El 2 ), 2925-2860 (aliph CH), 1720 
(OO), 1655 (C=0), 1390 (SOj), 1 185 (S0 2 ) cm" 1 ; 5h (CDC1 3 , 400 MHz) 0.88 (3H, t, J= 
5 6.6 Hz, C-6'-H 3 ), 1.19 (3H, s, C-I 8-H3), 1.24-2.99 (19H, m), 2.88-2,94 (2H, m> C-6-H 2 ), 
3.66-3.82 (2H, m,N-CH 2 ), 4,91 (2H, s, exchanged with I^O, NH 2 ), 7.06 (1H, d, 
h = 2.3 Hz, G-4-H), 7.11 (1H, dd, Jc-i-h,c- 2 -h = 8.6 Hz and Jb4-H,c- 2 -H = 2.7 Hz, C-2-H) 
and 7.33 (1H, d, Jc- 2 -h,oi-h = 8.6 Hz, C-l-H); 8 C (CDC1 3 , 100.4 MHz) 14.15 (q, C-6'), 
* 16.58 (q, C-18), 22.63 (t), 25.46 (t), 26.67 (t), 27.95 (t), 29.46 (t), 31.53 (2xt), 33.59 (t), 
10 33.68 (t), 38.18 (d), 40.19 (t,.C-l'), 40.32 (d), 41.37 (s, C- 13), 42.65 (d), 119.18 (d), 
i: 121.74 (d), 126.61 (d), 138.12 (s), 138.26 (s), 147.94 (s, C-3), 171.46. (s, 0=0) and 
? 178,24 (s, C=G); MS m/z (FAB+) 925.3 [64, (2M+Hfj, 616a [20, CMWi^BA^^l 
[100, (M+H)*]; MS m/z (FABr) 1077.5 [70, (2M+NBA)"], 615.3 [70, (M+NBA)"], 462.2 
[100, Ml; Acc MS m/z (FAB+) 463.22629, C 24 H 35 N 2 0 5 S requires 463.22667. HPLC 
15 (methanol/water, 90:10; ^ = 259.2 nm).Rt = 3.90 min, 100%. Found: C, 62.60; H, 
7.43; N, 6.20. G 24 H34N 2 0 5 S requires: C, 62.31; H, 7.41; N, 6.06. 

3-Sntfamoyktf-bromob^^ (43) 
(STX286) 

20 Sodium hydride (60% dispersion in mineral oil, 14 mg, 359 umol) was added to a stirred 
solution of 28 (130 mg, 299 umol) in anhydrous DMF (2 mL) at0°C under an atmosphere 
• of N 2 - After evolution of hydrogen had; ceased, sulfamOyl chloride (6 eq) was added. The 
reaction rmxture was then stirred under N 2 for 2 hours in which time it was allowed to 

> waim to room temperature. The mixture was poured into brine (30 mL), and the resulting 

25 solution was extracted with ethyl acetate (2x30 mL). The organic layer was separated, 
washed with brine (5x25 mL), dried (MgS0 4 ), filtered and concentrated under reduced 
pressure. Fractionation of the crude product that obtained (188 mg) by flash 
chromatography with chloroform/acetone (9:1) as eluent gave 43 as a white foam (154 
mg, 100%). This was recrystallized from ethyl acetate/hexane 1:2 to give white crystals 

30 (113 mg, 73 %) and a further crop of the product (12 mg) was obtained from the residue 
of the mother: liquor upon recrystallization from^ethyl acetate/hexane 1 2 (overall yield 
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81%): mp 162-165°C; IR (KBr) 3380 (NH 2 ), 3260 (NH 2 ), 2945-2870 (aliph CH), 1720 
(C=0), 1650 (C=Q), 1565-1495 (arom C=C), 1388 (SOi), 1180 (SO2) cm 1 ; 5 H (CDC1 3 , 
400 MHz) 1.18 (3H, s, C-I8-H3), 1.22-3.00 (15H, m), 2.86-2.97 (2H, m, C-6-H 2 ), 3.42 
(2H, t, J= 6.6 Hz, CH 2 Br), 3.79 (2H, m, N-CH 2 ), 4.89 (2H, s, exchanged with D2O, NH 2 ), 

5 7.06 (1H, d, Jc-2-h,c-4-h = 2.3 Hz, C-4-H), 7.12 (1H, dd, Jc-i-h.c-2-h = 8.6 Hz and J C -4-h,c- 2 -h 
= 2.7 Hz, C-2-H) and 7.33 (1H, d, J C -2-h,c-i-h = 8.6 Hz, C-l-H); 8c (CDCI3, 100.4 MHz) 
16.63 (q, C-18), 25.42 (t), 25.46 (t), 26.74 (t), 29.44 (t), 30.14 (t), 33.20 (t), 33.55 (t), 
33.66 (t), 38.16 (d), 39.07 (t, C-l')> 40.29 (d), 41.41 (s, C-13), 42.64 (d), 119.18 (d), 
121.73 (d), 126.62 (d), 138.09 <s), 138.20 (s), 147.95 (s, C-3), 171.42 (s, G=0) and 

10 178.24 (s, C=0); MS m/z (FAB+) 513.1 [100, (M+H)*], 435.2 [46, (M-Br+H)*]; Acq MS 
m/z (FAB+) 513.10382, C22H 3 o 79 BrN 2 0 5 S requires 513.10588 and 515.10385, 
e22H30 ?1 BrN 2 O 5 S requires 515.10383. HFLC (methanol/water, 90:10; = 259.2 nm) 
Rt = 3.90 min, 100%. Found: G,; H,;N,. C^^BrN^sS requires: C, 51.46; H, 5.69; N, 
5.46. '• 

15 

3- Sulfamoyl-iV-(^clopropyta^ ( 44 ) 
(STX284) 

Following the sulfamoylation conditions (see VI-1-5), reaction of 29 (100 rag* 283 umol) 
with sulfamoyl chloride in lmL DMA gave after 1.5 hours the crude product 44 (127 

20 mg). This was recrystallized from acetone/hexane 1:2 to give 44 as white crystals (84; mg, 
69%) and a further crop of the product (28 mg) was obtained from the residue of the 
mother liquor upon recrystallization from acetone/hexane 1 :2 (overall yield 92%): mp 
202-204°G; IR (KBr) 3280 (bi, NH 2 ), 2960 (aliph CH), 1700 (C=?0), 1660 (G=0), 1395 
(SOz), 1185 (SOi) cm" 1 ; 5 H (CDCfe, 400 MHz) 0.29-0.34 (2H, m, G-3'<H 2 ), 0.40-0.45 

25 (2H, m, C4»-H 2 ), 1.08-1,16 (1H, m, CM'-H), 1.19 (3H;s, G-l 8-H3), 132-3.02 (llH. m), 
2.88-2.96 (2H, m, C-6-H 2 ), 3.66 (2H, m, N-CH 2 ), 4.93 (2H, s, exchanged with DiO, 
NH 2 ), 7.07 (1H, d, Jc-2-h.o4-h = 2.3 Hz, C-4-H), 7.12 (1H, dd, J C -i-h,o-2-h = 8 6 Hz and Jc 

4- HC-2-H = 2.7 Hz,. C-2-H) and 7.34 (1H, d, Jc- 2 -H,c-i-H = 8 6 Hz, C-lrHfcMS m/z- (PAB+) 
S65.1 [55, (2M+H) 4 ], 586.1 [45, (M+H+NBA) 4 ], 433.0 . [1 00, (M+H)tl; MS m/z (FAB-) 

30 863.4 [13, (2M-H)-], 585.2 [30, (M+NBA)-], 431.2 [100, (M-H)l; Acc MS m/z (FAB+). 
433.17944, CzjHk^OsS requires 433.17972. HPLC (methanoHwater, 90:10; W = 
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259.2 nm) Rt = 3,90 min, 100%. Found: C, 61.00; H, 6.85; N, 5.91. QaH^OsS 
requires: C, 61.09; H, 6.52; N, 6.48. 

.' . ' •' • ^ - . • . 

3^ulfamoyWV^3-pico^ ( 45) 

; 5 (STX237) 

Following the sulfamoylation conditions (see VI-1-5), reaction of 30 (55 mg, 154 umol) 
i with sulfamoyl chloride in 0.5 mL DMA gave after 2 hours the crude product 45 (50 mg). 
Fractionation of the crude product that obtained by flash chromatography with 
Chloroform/acetone (7:3) as eluent gave 45. as a white powder (27 mg, 41%). This was 
) 10 washed with boiling acetone and the white precipitate was filtered (10 mg, 15 %) : mp 

215-218°C; BR, 8 H (DMSO-de, 400 MHz) 1.10 (3H, s, C-I8-H3), 1.15-2.97 (11 H, m), 
2.79-2.84 (2H, m, C-6-H 2 ), 4.81 (IH, d, = 14.8 Hz, N-CH^Hb), 4.86 (1H, d, = 
? 14.8 Hz, N-CHaHb), 6.96 (IH, d, Jb.2-H.04-H = 2.7 Hz, C-4-H), 7.01 (IH, dd, Jb.i-H.c-2-H = 
8.6Hz and Jc>4-h.o.2-h - 2.7 Hz, C-2-H), 7.31 (IH, dd, Jc-3"-h,04»-h = 7.8 Hz, Jc-5»-h.cm"-h 
15 = 4.7 Hz, C-4"-H), 7.36 (I H, d; Jb-^c-m - 8.6 Hz, C-l-H), 7.57 (1H, m, C-3"-H), 7.89 
(2H, s, exchanged with D^ NH 2 ) and 8,41-8.44(211, m, C-l"-H and C-5"-H); MS m/z 
(FAB+) 470.3 [48, (M+H) 4 ], 1,33.2 [38], 111.2 [52], 97.1[100]; MS m/z (FAB ) 622.3 
[52, (M+NBA)"], 468.3 [100, (M-H)!), 276.2 [62], 198 [48], 139.1 [46], 93.1 [40]; Acc 
MS m/z (FABH-) 470.17666, C^mNsOsS requires 470.17497. HPLC (methanol/water, 
) 20 60:4 °i 260.4 nm) Rt - 4.84 min, 100%. Found: C, 60.00; H, 5.86; N, 8.57. • 

H C24H27N3Q 3 S4<H20)i^ requires: C, 60.03; H, 5.90; N, 8.78. 

3-Sulfamoyl-JV-/er/-bur^ (46) 



25 Following the sulfamoylation conditions (see VI-1-5), reaction of 31 (200 mg, 449 umol) 
a.- with sulfamoyl chloride in 2 mL DMA gave after 6.5 hours the crude product 46 (235 
mg). This was recrystallized from ethyl acetate/hexane 1:2 to give 46 as white crystals 
(199 mg, 85%): mp 227-230°C; IR (KBr) 3320. (NH 2 ), 3240 (NH 2 ), 2960-2870 (aliph 
CH), 1720 (OO), 1660 (0=O), 1385 (SO,), 1180 (SOa) cm 1 ; 6h (CDC £ 400 MHz) 1.16 
30 (3H, s, C-I8-H3), 1.29 (9H, s, C(CH 3 )3), 1.30-3.02 (H, m), 2.87-2.93 (2H, m, C-6-H 2 ), 
4.87 (2H,s> exchanged with : D2O, NHi), 4-87-4^ (2H,,i%^-CJ^) 7.06 (IH, d, Jb-2- 
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H.C4-H = 2.3 Hz, C-4-H), 7.11 (1H, dd, Joi-h.c-2-h = 8.6 Hz and J C -4-h,C2-h = 2.7 Hz, C-2- 
' H) and 7.24-7.34 (5H, m, C-l-H, C-2"-H, C-3"-H, C-5"-H and C-6"-H); 5e (CDC1 3 , 
100.4 MHz) 16.39 (q, C-18), 25.31 (t), 25.28 (t), 29.29,$, 3U4 (3xq, C(CH 3 )3), 33.46 
(t), 33.53 (t), 34.39 (s, C(CH 3 )3), 38.02 (d), 40.02 (d), 41.31 (s, C-13), 42.47 (d), 42.78 (V 
5 C-l'), 119.03 (d), 121.58 (d), 125.07 (2xd), 126.46 (d), 127.84 (2xd), 133.93 (s), 137.94 
(s), 138.07 (s), 147.80 (s), 149.85 (s, C-3), 171.23 (s, C=0) and 178.06 (s, C=Q); MS m/z 
(FAB+) 1049.3 [70, (2M+H) 4 ], 678.1 [20, (M+H+NBA) 4 ], 525.1 [100, (M+H) 4 ]; MS m/z 
(FAB-) 1047.5 [80, (2M-H)-], 677.3 [22, (M+NBAf], 523.2 [100, (M-H)"]; Acc MS m/z 
(FAB+) 524.23309, C 25 >H36N 2 0 5 S requires 524.23449. HPLC (methanbl/water, 90:10; 
10 W = 259.2 nm) Rt = 3.90 min, 100%. Found: C,; H,; N,. C^e^OsS requires: C, 
66.39; H, 6.92; N, 5.34. 

3^ulfamoyl-iV-benzyM647-sec0^^ 

Following the sulfamoylation conditions (see VI-l-5),-reacti'on of 32 (150 mg, 385 umol) 
15 with sulfamoyl chloride in 1.5 mL DMA gave after 3 hours the crude product 47 (205 
mg). Fractionation of tine crude product that obtained by flash chromatography with- 
chloroform/acetone (9:1) as eluent gave 47 as a white powder (151 mg, 84%). This was 
recrystallized from acetone/hexane 1:2 to give white crystals (133 mg, 74%): mp 208- 
210°C; IR (KBr) 3340 (NH 2 ), 3230 (NH 2 ), 3100-3050 (arom CH), 2950-2870 (ahphCH), 
20 1715 (0=0), 1655 (C=G), 1610-1495 (arom C=C), 1385 (SO2), H95 (SGfe) cm* 1 ; 6n 
(DMSO-d fo 400 MHz) 1.13 (3H, s, C-I8-H3), 1.17-2.96 (11H, m), 2.81^2.87 (2H; in, C-6- 
H 2 ), 4.80 (1H, d, Jba *» 14.8 Hz, N-CH&Hb), 4.86 (1H, d, Jab = 14.4 Hz, N-CHaHjj), 6.99 
' (1H, d, Jc-2-h.cm.h = 2.3 Hz, C-4-H), 7.04 (1H, dd, Joi-h^-h -■ 8J4 Hz and J r G^H,c-2-H = 
2.3 Hz, C-2-H), 7.19-7.40 (6H, m, G& 5 and C-l-H) and 7.92 (2H, s, exchanged with 
25 D2O, NH 2 ); MS m/z (FAB+) 469.2 [100, (M+H)*], 389.2 [7, (M+H-S CfcNHi)*}, 97.1 [17]; 
MS m/z (FAB-) 9353 [10, (2M-Hf], 621.3 [38, (M+NBA)"], 467.2 [100, (M-H>1; Acc 
MS m/z (FAB+) 469.17892, C^plSfeOsS requires 469.17972.- HPLC (methanol/water, 
70:30; X mwi = 266.3 nm) Rt = 5.14 min, 100%. Found: C, 63:90; H, 6:12; N, 5.86. 
CisHigN^sS requires: C, 64.08; H, 6.02; N, 5.98. 

30 

3-SulfamoyWV-allyt^^^ 
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Following the sulfamoylation conditions (see VI-1-5), reaction of 35 (150 mg, 345 urnol) 

with sulfamoyl chloride in 2 mL DMA gave after 3 hours the crude product 48 (85 mg), 

Fractionation of the crude product that obtained ^by flash chromatography with 

chloroform/acetone (9:1) as eluent gave 48 as a white foam (85 mg, 99%). This was 

.5 recrystallized from acetone/hexane 1:2 to give white crystals (75 mg, 87%) : mp 210- 

213°C; TLC (chloroform/acetone, 9:1) R/ 0.33 cf. R/ 0.52 (35); IR (KBr) 3385 (NH 2 ), 

3275 (NH 2 ), 2935-2870 (aliph OH), 1715 (CK>), 1670 (OO), 1600-1495 (arom C=C), 

1385 (SO2), 1185 (S0 2 ) cm' 1 ; 8 H (DMSO-d 6 , 400 MHz) 1.13 (3H, s, C-I8-H3), 1.25-2.89 

(1 1H, m), 2.81-2.87 (2H, m, C-6-H2), 4.24 (2H, m, H-CH 2 ), 4.97-5.08 (2H, m, C-3'-H 2 ), 

10 5.75 (1H, m, C-2'-H), 6.99 (1H, d, /c-2-h,o»-h = 23 Hz, C-4-H), 7.04 (1H, dd, Jc-i-h.c-2-h = 

8.6 Hz and Jo4-h,c-2-h = 2.7 Hz, C-2-H), 7.38 (1H, d, Jc-2-h,c-i-h - 8.6 Hz, C-l-H) and 7.91 

(2H, s, exchanged with E^O, NH 2 ); 8 C (DMSO-dg, 100.4 MHz) c 16.33 (q, C-18), 24,85 

(t), 25.04 (t), 29.04 (t), 32.83 (t), 33.46 (t), 37.45 (d), 40.93 (s, C-13), 41.08 (t, C-V% 

41.99 (d), 115.58 (t, C-3'), 119,22 (d), 121.51(d), 126.44 (d), 132.75 (d), 137.49 (s),. 

15 137.63 (s), 147.83 (s, C-3), 170.81 (s, OO) and 177.56 (s, 0*0); MS m/z (FAB+) 837.4 

[48, (2M+H)tj, 725.3 [12, (M+H+2NBA)"], 572.2 [68, (M+H+NBA) 4 ], 419.1 [100^ 

(MfH) 4 ], 80.9 [18, (SOzNHz+H)^; MS m/z (FAB-) 571.1 [30, (M+NBA)"], 417.1 [100, 

(M-H)rj; Acc MS m/z (FAB+) 419.16347, C 2f H 27 N 2 0 5 S requires 419.16407. HPLC 

(methanol/water, 70:30; = 2663 urn) Rt = 3.25 min, 100%. Found: C, 6030; H, 

20 6.32; N, 6.56. C 2 iH 26 N 2 O s S requires: C, 60.27; H, 6.26; N, 6,69. 
c one doublet hidden under solvent peaks 

2 — 6 — Synthesis of the sulfamoylated parent compounds 

25 2-Iodo-estrone (49) 

To a stirred solution of oestrone (10 g, 36.98 mmol) in a mixture of acetic acid (570 mL) 
and tetrahydrofurane (280 mL) warmed to 55°C was added mercuric acetate (5.89. g, 
18.49 mmol). After 15 minutes, iodine (8.70 g, 34.37 mmol) was added to give a clear 
orange solution which was stirred for two hours at room temperature. The resulting light 
30 yellow mixture was then concentrated under reduced pressure and a solution of potassium 
iodide (5% aqueous, 300 mL) was added The organic fraction was extr^ted with ethyl 
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acetate (2x300 mL), washed with aqueous sodium thiosulfate (3x200 mL) and brine 
(1x200 mL), dried (MgS04), filtered and evaporated in vacuo. The crude brown solid 
that obtained was first recrystallized from acetic acid^give 49 as a blue solid (6.42 g, 
44%) and a further crop of the product (3.00 g) was obtained from the residue of the 
5 mother liquor upon reciystallization from ethanol (overall - crude' yield 64%). Both crops 
were further recrystallized from ethanol to give light grey flaky crystals (8.20 g, overall 
yield 56%): mp 213-215°C (dec) (lit. °C); 43 Sri (CDC1 3 , 400 MHz) 0.91 (3H, s, C-18-H 3 ), 
1.36-2.57 (13H, m), 2.83-2.86 (2H, m, C-6-H 2 ), 5.09 (1H^ s, exchanged with D2O, OH), 
6.74 (1H, s, C^-H) and 7.52 (1H, S> C-l-H). 
10 - 
2-Methoxy-estrone (50) 

2-Iod6e^one 49 (4 g, 10.09 mmol) and copper cMonde (452 mg, 3.365 idqimpl) were 
stirred at room temperature under an atmosphere of N2 in anhydrous pyridine (35 mL) for 
30 minutes. A freshly . prepared 5.1 M solution of sodium methoxide (0.101 mol, 19.7 

15 mL) was then added to the mixture and the blue solution was refluxed for 45 minutes 
under N2. After cooling, the resulting orange solution was poured into ice and acidified 
with 5M HGL The organic layer was extracted with ethyl acetate (3x200 mL), washed 
with a saturated solution of sodium bydrogenocarbonate (2x200 mL) and brine (2x200 
mL), dried (MgS04), filtered and evaporated in vacuo. Fractionation of the crude product 

20 that obtained by flash chromatography with ethyl acetate/hexane (3:17 to 5:15) as eluent 
gave 50 as a creamy residue (2.58 g, 78%): mp 167-170°C (lit *G); 43 §h ((SDCI3, 400 
MHz) 0.92 (3H, s, C-I8-H3), 1.38-2.54 (13H, m), 2.80-2.84 (2H, m, C-6-H2), 3.86 (3H* s, 
OCH 3 ), 5.45 (1H, s, exchanged with E£0, OH); 6 £6 (1H, s, C-4-H) and 6.79 (1H, s, Ol- 
H). 

25 : 

2-Metho^-3-benzyloxy-estrone (51) 

To a stirred solution of 50 (1.91 g, 6.36 mmol) in DMF (20 mL) at 0°C under an 
atmosiphere of N2, potassium terf-butoxide (1.07 g^ 9.54 mmol) was added portion wise. 
The resulting orange suspension was stirred under N2 for two liburs^ in \^cS time it was 
30 allowed to warm to room temperature. Senzyl bit)imde (1.13 mL, 9.54 mmol) Was then 
added and the mixture was stirred at room temperature, under N2 for two hbiirs. The 



WO 03/033518 



PCT/GB02/04686 



133 

resulting orange solution was poured into water (50 rnL) and the organic traction was 
extracted with ethyl acetate (2x50 mL), washed with water (2x50 mL), brine (2x50 mL), 
dried (MgS04), filtered and evaporated in vacuo, sThe crude product obtained was 
reerystallized from ethanol to give a 51 as a light orange powder (2.3 g). This was further 
5 reerystallized from ethanol to give a creamy powder (1.52 g, 61%) and a further crop of 
the product (0.29 g) was obtained from the residue of the mother liquor upon 
reaystallization from ethanol (overall yield 73%): mp 120-123°C (lit. °C); 43 5h (CDC1 3 , 
400 MHz) 0.92 (3H, S> G-I8-H3), 1.36-2.55 (13H, m), 2.74-2.85 (2H, m, C-6-H2), 3.86 
(3H, s, OCH 3 ),5.11 (2H, s, OGHsAr), 6.64 (1H, s ? C-4-H), 6.84 (1H, s, C-l-H) and 7.29- 
10 7.46 (5H, m, C<R 5 ); MS m/z (FAB+) 495.2 [10, (M+H+NBA) 4 ], 342.1 £100, (M+H)*], 
299.1 [40, (M+H-Acft; MS m/z (FAB ) 647.3 [12, (M+2NBA)"], 493.2 [34, (M- 
H+NBA)!, 340.1 [100, (M-H)"]; Acc MS m/z (FAB+) 342.17046, C20H24NO4 requires 
342.17053. 

15 2-Methoxy-3-benzyloxy-marrianolic acid (52) 

This was prepared in a similar manner to that of benzyl marrianolic acid 9. A solution of 
iodine (2.81 g> 1 1.07 mmol) in 35 mL of MeOH and a solution of KQH (5.05 g) in 10 mL 
of water and 22 mL of MeOH were added dropwise and alternatively to a stirred solution 
of 2-Methoxy-3-benzyloxy-estrone (51) (1.52 g, 3.89 mmol) in MeOH (700 mL). The 
20 resulting crude orange foam (1.80 g) was then dissolved in a solution of KOH (2.8 ,g) in 
•;U MeOH/HiO (1 :2, 84 mL) and heated to reflux for 4 hours. The orange residue (4.32 g) 
that obtained was fractionated by flash chromatography with cWorOform/methanol (95:5) 
as eluent and gave 52 as an orange residue (311 mg^ 18%): 8h (CDCI3, 400 MHz) 1.02 
(3H, s, C-I8-H3), 1.21-2.38 (11H, m), 2.64-2.70 (2H, m, C-6-H 2 ), 3.72 (3H, s, OCH 3 ), 
25 5.01 (2H„s, OCHzAr), 6.70 (1H, s, C-4-H), 6.85 (1H, s, C-l-H), 7.30-7.45 (5H, m, Q5H5) 
and 12.20 (2H, br. s, exchanged with D2O, CO2H); MS m/z (FAB+) 495.2 [10, 
(M+H+NBA) 4 ], 342.1 [100, (M+H) 4 ], 299.1 [40, (M+H-Ac) 4 ]; MS m/z (FAB-) 6473 [12, 
(M+2NBA)-], 493.2 [34, (M-H+NBA)!, 340.1 [100, (M-H)"]i Acc MS m/z (FAB+) 
342.17046^ G20H24NO4 requires 342.17053. 
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2-Metho^-3-Benzyloxy-16,17-seco-estra-133(10>-triene-16,17-imide (53) 
This was prepared in a similar manner to- that of 10 by. reaction of 2-Methoxy-3- 
benzyloxy-marrianolic acid (52) (300 mg, 684 mmol) wtth urea (300 mg, 4.99 mmol) at 
180 P C. Fractionation of the crude product that obtained by flash chromatography with 

5 chloroform/acetone (95:5) as eluent gave 53 as a light yellow powder (170 mg, 59%): mp 
84-87°C; 5h (DMSO-d& 400 MHz) 1.10 (3H, s, C-18-H 3 ), 1:14-2.66 (llH, m), 2.67-2.72 
(2H, m, C-6-H 2 ), 3.73 (3H, s, OCH 3 ), 5.02 (2H, s, OCHiAr), 6.73 (1H, s, C-4-H), 6.86 
(1H, s, C-l-H), 7.30-7.46 (5H, m, CMs) and 10.64 (lH,s, exchanged with D 2 (>, NH); MS 
m/z (FAB+) 495.2 [10, (M+H+NBA) 4 ], 342.1 [100, (M+H) 4 ], 299.1 [40, (M+H-Ac) 4 ]; 

10 MS m/z (EAB-) 647.3 [12, (M+2NBA)*], 493.2 [34, (M-H+NBA) 7 ], 340;1 [100, (M-H)"]; 
Acc MS m/z (FAB+) 342.17046, C20H24NO4 requires 342.17053. 

2-Methoxy-3-hydroxy-1647-seco-estra-13^(10>Mene-1647-imide (54) (STX 325) 
Following the hydrogenation conditions (see VI-1-4), a suspension of 53 (150 mg, 357 

15 umol) and Pd-C (10%, 80 mg) in MeOH/THF 2:1 (15 mL) was hydrogenated for 4 hours 
to give 54 as a light yellow powder (115 nig, 97%). An analytical sample was 
recrystalHzed from methanol to give white crystals: mp 202-205°C; §h (DMSO-de, 400 
MHz) 1.10 (3H, s, C-I8-H3), 1.13-2.42 (llH,m), 2.63-2.69 (2H, m, C-6-H2), 3.71 (3H, s, 
OCHa), 6.45 (1H, s, C-4-H), 6.78 (1H, s, C-l-H), 8.67 (1H, s, exchanged With D2O, OH) 

20 and 10.63 (1H, s, exchanged with D2O, NH); MS m/z (FAB+) 495.2 [10, (M+H+NBA)*], 

342 .1 [100, (M+H) 4 ], 299,1 [40, (M+H-Ac) 4 ] ; MS m/z (F AB-) 6473 ; [12, (M+2NBA)*], 

493.2 [34, (M-H4-NBA)1, 340.1 [100, (M-H)]; Acc MS m/z (FAB+) 342.17046, 
C20H24NO4 requires 342.17053. 

25 2-Memoxy-3-SiilfamoyM6,17-seco-^ (55) (STX 326) 

Sodium hydride (60% dispersion in mineral oil, 8 mg, 200 umol) was added to a stirred 
solution of 54 (55 mg, 167 umol) in anhydrous DMF (1 mL) at 0 a C under an atmosphere 
ofN 2 . After evolution of hydrogen had ceased, sulfamoyl chloride (6 eq) was added. The 
reaction mixture was then stirred under N 2 overnight in which time it was allowed to 

30 warm to room temperature. The rnixture was poured into brine (20 mL), and the resulting 
solution was extracted with ethyl acetate (2x20 mL). The organic layer was separated; 
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washed with brine (4x20 mL), dried (MgS0 4 ), filtered and concentrated under reduced 
pressure. Fractionation of the crude product that obtained by flash chromatography with 
chloroform/acetone (8:2) as eluent gave 55 as a white, foam (30 mg, 48%). This was 
recrystallized fiom acetone/hexane 1:2 to give white crystals (23 mg, 37%): mp 225- 
230°C; 5 tt (DMSO-dg, 400 MHz) 1.11 (3H, s, C-18^H 3 ), 1.21-2.47 (1 Hfc m), 2.71-2.75 
(2H, m, C-6-H 2 ), 3.77 (3H, s, OCH 3 ), 7.00 (1H, s, C-4-H or C-l-H), 7.02 (1H, s, C-l-H 
or C-4-H), 7.84 (2H, s, exchanged with D2O, NH 2 ) and 10.65 (1H, s, exchanged with 
DaO, NH); MS m/z (FAB+) 495.2 (10, (M+H+tiBA) 4 }, 342.1 [100, (M+H) 4 ], 299.1 [40, 
(M+H-Ac)*]; MS m/z (FAB-) 647.3 [12, (M+2NBA)-J, 493.2 [34, (M-H+NBA)"], 340.1 
[100, (M-H)l; Acc MS m/z (FAB+) 342. 1 7046, C 20 H 24 NO 4 requires 342. 17053. • 

All publications and patents and patent applications mentioned in the above specification 
are herein incorporated by reference. 

Various modifications and variations of the present invention will be apparent to those 
skilled in the art without departing from the scope and spirit Of the invention. Although 
the invention has been described in connection with specific preferred embodiments, it 
should be understood that the invention as claimed should not be unduly limited to such 
specific embodiments. Indeed, various modifications of the described modes for 
carrying out the invention which are obvibUs to those skilled in chemistry, biology or- 
related fields are intended to be within the scope of the following claims. 
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Abbreviations 

A Angstrom ^ 

Ac Acetyl 

Ace MS accurate mass spectrometry 

Adiol androstenediol 

Adione androstenedione 

AG aminogluthethimide 

aq aqueous 

Ar aryl 

arom aromatic 

BMA 3-benzyl^marrianolic acid 

Bn benzyl 

br broad 

oq degrees Celsius 

I3 CNMR carbon NMR 

ca approximately 

cm centimetres 

COUMATE 4-methylcotnnarin-7-b-siilfamate 

5 chemical shift in ppm 

d' . doublet m h.:.zi#~.' 

dd doublet of doublets 

DHBA dehydroepiandrosterone 

DMF N>TKlimethylformamide 

DMSO dimethylsulfoxide 

El oestrone 

E2 oestradiol 

EMATE estrone-3-O-sulfamate 

ER estrogen receptor 

eq equivalent 

fast atom bombardment 
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g 
h 

hER 

1HNMR 
HPLC 
170-HSD 
Hz 

IC50 

IR 

J 

^max 

lit 

m 
M 

m^NBA 

m-RNA 

MHz 

min 

mmol 

mpl 

mp 
MS 
m/z 

NADPH 
nM 
NMR 
ppm 

Rf 
r.t 

S. D. 



gram(s) 
hour(s) 

human estrogen receptor 
protonNMR 
high pressure liquid chromatography 
1 7p-hydroxysteoid dehydrogenase 
Hertz 

concentration causing 50% inhibition 
infrared 

coupling constant in Hz 

wavelength of maximum absorption 

Kterature reference 

micro 

multiplet 

mol per litre 

meta-nitrobenzyl alcohol 

messenger ribonucleic acid 

megahertz 

minute 

millimole 

mole 

melting point 
mass spectrometry 
mass to charge ratio 

nicotinamide adenine dinucleotide phosphate 
nanomole 

nuclear magnetic resonance 
parts per million 
retention fector 
room temperature 
standard deviation 
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Pd~C palladium-charcoal 

TBAF tetrabutylammonium fluoride 

TBDMS tert-butyl-dimethylsilyl ^ 

THF tetrahydrofuran 

TLC thin layer chromatography 

TMS tetnunethylsilane 

v frequency of a signal in Hz 

vs versus 
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The invention will now be further described by the following numbered paragraphs: 



1 . A compound having Formula I 




Formula I 



wherein G is H or a substituent, and wherein R 1 is any one of a sulphamate group, a 
phosphonate group, a thiophosphonate group, a sulphonate group or a sulphonamide 
group. 

2. A compound according to paragraph 1 having Formula II 

O 




Formula II 



A compound according to paragraph 1 having Formula III 




Formula III 
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4. A compound according to paragraph 1 having Formula IV 

O 




15 



7. A compound according to paragraph 1 having Formula XI 





Formula XII 



9. A compound according to any one of the preceding paragraphs wherein G 
is H, OH or a hydrocarbyl group. 
10 1 0. A compound according to any one of the preceding paragraphs wherein G 

or the hydrocarbyl group is an optionally substituted hydrocarbon group. 

11. A compound according to any one of thie preceding paragraphs wherein G 
or the hydrocarbyl group is an optionally substituted alkyl group. 

12. A compound according to any one of the preceding paragraphs wherein G 
15 or the hydrocarbyl group is selected from d-C 10 alkyl group, such as Ci-C 6 alkyl group, and 

C1-C3 alkyl group. 

13. A compound according to any one of paragraphs 1 to 1 1 wherein G or the 
hydrocarbyl group is selected from C1-C10 haloalkyl group, Ci-C 6 haloalkyl group, C1-C3 
haloalkyl group, C,-Cw brornoalkyl group, Ci-C 6 bromoalkyl group, and C1-C3 bromoalkyl 

20 group. 

14. A compound according to any one of paragraphs 1 to 1 1 wherein G or the 
hydrocarbyl group is selected from -(CH 2 )mo aryl, -(CH 2 )i- 1(r Ph, (CH 2 )i-io-Ph-Ci-i 0 alkyt, - 
(CH 2 )i- 5 -Ph, (GH^-Ph-d* alkyl, -(CH 2 )i- 3 -Ph, (CH 2 )i. 3 -Ph-Ci.3 alkyl, -CH 2 -Ph, and -CH 2 - 
Ph-G(CH 3 ) 3 . 
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15. A compound according to any one of paragraphs i to 1 1 wherein G or the 
hydrocarbyl group is selected from -(CH 2 )^ 0 cycloalkyl, -(CH^^o-Cs-iocycloalkyl, -(CH 2 )i- 7 - 
C^ycycloalkyl, 

-(CH 2 ) 1 .5-C 3 .5cycloalkyl, -(CH 2 ) v3 -C3- 5 cycloalkyl, and -CH 2 -C 3 cycloalkyl. 
5 16. A compound according to any one of parag^phs 1 to 1 1 wherein G or the 

hydrocarbyl group is an alkene group. 

17. A compound according to any one of paragraphs 1 to 1 1 wherein G or the 
hydrocarbyl group is selected from d-C 10 alkene group, C,-C 6 , alkene group, d-C 3 alkene 
group. 

10 18. A compound according to any one of paragraphs 1 to 9 wherein G is H. 

1 9. A compound according to any one of the preceding paragraphs wherein R 1 
is a sulphamate group. 

20. A compound according to any one of the preceding paragraphs wherein R 1 
or the sulphamate group is of the formula 

15 

R 4 O 

\ ii 

N S ; O 

/ II 

R o 

wherein R 4 and R 5 are independently selected from H, alkyl, cycloalkyl, alkenyl and 
aryl, or combinations thereof, or together represent alkylene, wherein the or each alkyl or 
20 cycloalkyl or alkenyl or optionally contain one or more hetero atoms or groups. 

21 . A compound according to paragraph 20 wherein at least one of R 4 and R 5 is 

H. 

22. A compound according to paragraph 21 wherein R 4 and R 5 are H. 

23. A compound according to any one of the preceding paragraphs having 
25 Formula XII 





Formula XII 
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wherein G is selected from H, OH, Ci-C 10 alkyl, C1-C10 haloalkyl, -(CH2)i-io~&ryl» • 
(CH 2 )i-io 

-cycloalkyl, and Ci-C 10 alkene; 

wherein R 1 is OH or a sulphamate group of the formula 




wherein R 4 and R 5 are independently selected from H, alkyl, cycloalkyl, alkenyl and 
aryl, or combinations thereof, or together represent alkylene, wherein the or each alkyl or 
10 cycloalkyl or alkenyl or optionally contain one or more hetero atoms or groups. 

24. A pharmaceutical composition comprising a compound according to any 
one of paragraphs 1 to 23 optionally admixed with a pharmaceutical^ acceptable carrier, 
diluent, excipient or adjuvant. 

25. A compound according to any one of paragraphs 1 to 23 for use in 
15 medicine. 

26. Use of a compound according to any one of paragraphs 1 to 23 in the 
manufacture of a medicament for use in the therapy of a condition or disease associated 
with steroid sulphatase (STS). 

27. Use of a compound according to any one of paragraphs 1 to 23 in the 
20 manufacture of a medicament for use in the therapy of a condition or disease associated 

with adverse STS levels. 

28. Use of a compound according to any one of paragraphs 1 to 23 in the 
manufacture of a pharmaceutical for inhibiting steroid sulphatase (STS) activity. 

29. Use of a compound according to any one of paragraphs 1 to 23 in the 
25 manufacture of a pharmaceutical for inhibiting steroid sulphatase (STS) activity. 

30. A method comprising (a) performing a steroid sulphatase with one or more 
candidate compounds having the formula as defined in any one paragraphs 1 to 23; (b) 
determining whether one or more of said candidate compounds is/are capable of modulating 
STS activity; and (c) selecting one or more of said candidate compounds that is/are capable 

30 of modulating STS activity. 

31 . A method comprising (a) performing a steroid sulphatase assay with one or 
more candidate compounds having the formula as defined in any one of paragraphs 1 to 23; 
(b) determining whether one or more of said candidate compounds is/are capable of 
inhibiting STS activity; and (c) selecting one or more of said candidate compounds that 

35 is/are capable of inhibiting STS activity. 
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32. A compound identified by the method according to paragraph 30 or 
paragraph 31. 

33. A compound according to paragraph 32 for use in medicine. 

34. A pharmaceutical composition comprising the compound according to 
paragraph 32 optionally admixed with a pharmaceutically acceptable carrier, diluent, 
excipient or adjuvant. 

35. Use of a compound according to paragraph 32 in the manufacture of a 
medicament for use in the therapy of a condition or disease associated withSTS. 

36. Use of a compound according to paragraph 32 in the manufacture of a 
medicament for use in the therapy of a condition or disease associated with adverse STS 
levels. 

37. A compound as substantially hereinbefore described with reference to any 
one of the Examples. 

38. A composition as substantially hereinbefore described with reference to any 
one of the Examples. 

39. A method as substantially hereinbefore described with reference to any one 
of the Examples. 

40. A use as substantially hereinbefore described with reference to any one of 
the Examples. 
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